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Schott Treatment. See Therapeutics.

Sciatica.

An indefinite term applied to conditions associated with pain in the region
of the sciatic nerve. This important nerve trunk is the continuation
downwards of the main part of the sacral plexus (see Spinal Cord, p. 307).
It arises in the pelvis, and enters the buttock through the great sacro-sciatic

foramen below the pyriformis muscle, and extends down to about the middle
of the thigh, where it terminates by dividing into the external and internal

popliteal nerves. In position the main trunk of the sciatic nerve lies rather
internal to the mid-point between the ischial tuberosity and the great tro-

chanter of the femur. It supplies muscular branches to the ham-string
muscles on the back of the thigh and the main part of the adductor magnus.
A knowledge of the course and distribution of its main branches is essential

for understanding the diseases of the nerve trunk.

The external popliteal nerve passes down into the popliteal space,

which it leaves, ultimately dividing into anterior -tibial and musculo-
cutaneous nerves. The branches of the external popliteal nerve are
cutaneous for the outer side of the leg, and also articular. The anterior
tibial nerve takes origin opposite the neck of the fibula, and passes down the
leg, coming in contact with the anterior tibial vessels in the upper third of
the leg, and terminating in front of the ankle-joint by dividing into internal
and external branches. This nerve supplies muscular branches to the
extensor muscles (tibialis anticus, extensor longus digitorum, extensor
proprius, peroneus tertius), and an articular filament to the ankle-joint ; the
terminal branches are concerned in the supply of the tarsal articulation (ex-

ternal branch), and adjacent sides of first and second toes (internal branch).
The musculo-cutaneus, the other terminal branch of the external popliteal

nerve, becomes cutaneous by piercing the deep fascia in the lower third of

the leg, and almost immediately divides into two branches, internal and
external. The internal supplies the skin over the inner side of the great
toe and the adjacent sides of the second and third toes, also the skin on the
internal malleolus and inner side of the foot ; the external branch supplies

the skin over the adjacent sides of the second and third, and third and
fourth toes, also the skin over external malleolus and outer side of the foot.

The internal popliteal nerve passes down through the popliteal space to

terminate opposite the lower border of the popliteus muscle, by becoming
directly continuous with the posterior tibial nerve. The brandies of the
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internal popliteal nerve are— a cutaneous branch (ramus communicans

tibialis), articular branches to the knee-joint, and muscular branches to the

gastrocnemius, plantaris, soleus, and popliteus muscles. The posterior tibial

nerve is the direct continuation of the external popliteal nerve, and supplies

cutaneous branches, articular filaments to the ankle-joint, muscular branches

to tibialis posticus, flexor longus digitorum, flexor longus hallucis, and soleus

muscles, and finally terminates as the internal and external plantar nerve.

Sciatica is characterised by pain in the back of the thigh in the region

of the sciatic nerve, the pain in some cases involving the whole area of dis-

tribution of the nerve. The pain is aggravated by certain positions or after

exertion, and has its sites of maximum intensity in the middle of the thigh

or at the sciatic notch. In chronic cases there may be some muscular

atrophy and cramp of the muscles, with localised fibrillary contractions in

the muscle fibres.

Etiology and Pathology.—Examination of portions of the sciatic nerve

in cases where stretching or excision of pieces of the nerve has been resorted

to, has revealed an inflammation of the nerve trunk. The causes of

this inflammation are obscure. The poisons of rheumatism and gout are

probably the most important factors, and when these are present slight

exposure to cold and damp or severe muscular exertion may induce an

attack. The diagnosis is as a rule easy ; it is made by (1) digital examina-

tion over the nerve, and (2) putting the nerve on the stretch, which move-
ment causes pain. If the following points are kept in mind little or no

difficulty will be encountered :

—

1. Pain in the region of the sciatic nerve may be induced by pressure on

the nerve within the pelvis, e.g. distended rectum, uterine tumour, or pelvic

inflammation.

2. A similar pain may be induced by a joint lesion, e.g. disease of the

hip-joint, or sacro-iliac articulation.

3. A lesion of the cauda equina, or nerve roots, or even a lesion of the

cord higher up, may produce symptoms of sciatica. A careful investigation

of the sensibility and of the areas of distribution of the lesion will elimi-

nate this.

4. The presence of foci of inflammation of muscle tissue may induce a

clinical picture of sciatica. This is a point of considerable importance, and
is apt to be overlooked. Further details on this condition will be found in

the article on " Chronic Bheumatism," vol. x.

The prognosis is always guarded as to rate of recovery. The disease is

usually a protracted one and not very amenable to treatment. In treatment

we should be guided by the fact that the disease is usually the local mani-
festation of a general toxaemia. Hence general treatment is all important,

more especially that devoted to promoting the activity of the organs con-

cerned in elimination—bowels, skin, and kidneys (see " Balneology," vol. i.).

The diet should be studied along the lines indicated for rheumatism. The
internal administration of sedatives of any kind should be withheld as long

as possible, and should opiates be necessary these should only be ad-

ministered by the physician. In a few cases complete rest in bed with
immobilisation in a long splint is the best means of promoting recovery.

After the acute stage has passed off massage in various forms is the most
valuable line of treatment (see " Therapeutics "). Counter-irritation by dry

cupping, iodine, acupuncture, or other means, is sometimes of benefit, and
when the case is very intractable, a good result may follow nerve stretching

or excision of a part of the nerve trunk. General tonic treatment is useful,

and more especially the internal administration of cod-liver oil and arsenic.
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Sclerema Neonatorum.
A study of the literature of the strange infantile malady known as

Sclerema Neonatorum tends rather to perplexity than to a clear con-

ception of a definite morbid entity. It is difficult to be sure how far the

various authors are describing one and the same disease, and whether cases

alike in their nature are not sometimes classed tinder different headings.

In this country we are not favourably placed for forming a judgment upon
these questions, seeing that with us the disease is so rare that there are few
opportunities of bringing the different views which are put forward to the

test of practical experience. In some lands, as in Italy and France, on the

other hand, sclerema seems to be far less uncommon.
"We are constantly warned against confusing sclerema with symptomatic

oedema, of the ordinary kind and with the ordinary distribution, occurring in

new-born infants ; but on the other hand an cedematous variety of sclerema

is described, and the more recent writers, adopting a classification long ago

suggested by Brissard, divide the cases of true sclerema into two classes, to

which the names of fat sclerema and sclercedema are respectively applied.

Eat sclerema is a symptomatic condition met with in young infants

who have been subjected to a drainage of liquid in the course of severe

attacks of diarrhoea or vomiting, and the induration of the subcutaneous
tissues in such cases is attributed to solidification of thepanniculus adiposus.

As Langer pointed out—and his observations have been confirmed by
Knopfelmacher—the fat of young infants is richer in stearin and palmatin

and poorer in olein than that of adults, and therefore solidifies at a higher

temperature.

In sclercedema, on the other hand, the induration is ascribed to a

peculiar form of firm oedema, due, at least in part, to serous infiltration of

the subcutaneous tissues and of the connective tissue between the muscles.

Cases described under the name of sclerema neonatorum for the most
part belong to this latter category, but it is acknowledged that the clinical

features of the two varieties are much alike ; that the two are often hard

to distinguish, especially in their later stages, and that they may occur in

association.

The infants who suffer from this disease are often premature, or if born

at full term have an aspect of prematurity. It has been met with more
frequently in the colder than in the warmer seasons, and in children born
under unfavourable hygienic conditions than among those of the better-to-

do classes. It is specially frequent in foundling hospitals.

The first symptoms usually develop when the child is a few days old,

but in some cases the disease is present at birth. The conspicuous signs are

a peculiar coldness of the surface, accompanied by a conspicuous fall of the

internal temperature ; induration of the subcutaneous tissue over a greater

or less area ; slow respiration, and a slow and feeble pulse.

The skin of the affected parts cannot be pinched into folds, as can that

of a healthy infant, and the surface is smooth and tense, and somewhat
raised above the level of the surrounding skin. The sclerematous areas feel

firm and elastic and seldom pit on pressure. The tint of the skin may be

normal or dusky red or even purple, and an icteric tinge is also frequently

noted. The pink tint disappears under the pressure of the finger. The
induration which is at first localised may remain so, or may spread to parts

previously unaffected, until it becomes almost universal.

As a rule the dorsal surface is first involved, the face and ventral aspect

become affected later, but even in the worst cases the induration seldom
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spreads to the front of the chest. Hard patches may be present on the

cheeks even in the milder cases, and in severe ones the features may be

rendered immobile, and sucking may become impossible.

When induration is very general, rigidity of the limbs becomes a pro-

minent symptom, so that the infant may be lifted as a rigid whole. These

features were observed in the earliest recorded case, that of Usenbenzius

(a.d. 1722), who described a foetus vivus,frigidus et rigidus.

The fall of temperature is very conspicuous in such cases, and according

to G. Somma, who regarded it as the essential and primary symptom, may
even reach to 23°C. (734° F.), but in some more benign cases the same
author quotes 35°C. (95° F.) as the lowest limit reached. Such temperatures

are obtained in the internal cavities, such as the rectum, and the icy coldness

of the surface is often referred to by authors.

Ballantyne states that the pulse rate, which is normally 120 to 150 per

minute during the, first days of life, may fall to 80 or even 70. At the

same time the pulse is extremely feeble, and the heart-sounds may be

hardly audible. The respirations may be slowed from the normal rate of

40 to 30 or even 20 per minute. The cry is feeble and has a peculiar

squeaky character.

In cases of severe generalised sclerema the prognosis is extremely bad,

and death usually occurs within a few days of the onset of the disease, as a

rule in the first week of life. From a review of the various published

figures Ballantyne concludes that the average mortality is about 50 per

cent., but some of the statistics of foundling institutions show a much higher

mortality than this.

The favourable prognostic points are limitation of the induration, a not

excessive fall of temperature, the absence of pulmonary or intestinal com-
plications, birth in a warm season, and good nutrition and robustness of the

infant when born.

In the out-patient departments of our hospitals, cases are occasionally

seen which show a localised induration on the back and limbs, most
pronounced about the buttocks, and extending in a tapering form down the

backs of the thighs and arms, and in which the induration has all the

characters assigned to scleredema. Such infants usually come under
observation when a few weeks old, after the initial fall of temperature

and the other constitutional symptoms are things of the past, and when it

only remains to watch the gradual resolution of the sclerematous lesions,

a process which in the cases which have come under the writer's notice has

usually taken some five or six months. The areas of induration gradually

decrease in size and break up into discrete islets, which undergo softening,

but at no time pit on pressure.

If these be cases of true scleroedema they are certainly less rare than

the fatal cases, at least among the poorer classes in London.
In fat sclerema the changes described in the skin and subcutaneous

tissues consist in an increase of connective tissue and atrophy of the fat

cells, which are almost devoid of fat and show conspicuous nuclei. In
scleroedema, on the other hand, a well-marked ©edematous infiltration of

the subcutaneous tissue is observed. Visceral changes are also met with
in fatal cases, such as broncho-pneumonia and atelectasis, sub-pleural and
sub-pericardial haemorrhages and congestion of various internal organs.

Comba lays special stress upon an intense and diffuse affection of the renal

tissue, evidenced during life by scanty urine containing albumen and renal

elements.

The theories which have been advanced to explain the phenomena of
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sclerema are many. The earliest observers regarded the induration as

inflammatory, and some looked upon it as a kind of erysipelas, others as a

special form of inflammatory lesion, and others again as analogous to

phlegmasia alba dolens.

Some have attributed the onset of the disease to circulatory disturbance,

others to pneumonia or other pulmonary lesions, and yet others to affections

of the digestive tract. Some excellent observers, including L. Somma,
G-. Somma, and Ballantyne, although they differ on minor points, agree in

regarding an affection of the nervous system, attended by disturbance of

the thermotaxic centres, as the primary lesion in sclerema.

More recent investigations have been carried out by Schmidt, Comba,
Jemma, and others, which render it probable that it results from septicaemia,

not due to any specific micro-organism, but to various bacteria such as the

bacillus of Eriedlander, streptococci and staphylococci. Such infection best

explains the subserous haemorrhages, broncho-pneumonia and other visceral

lesions, so frequently present, to which too little attention was formerly

paid by observers, whose attention was chiefly centred upon the changes in

the skin and subcutaneous tissue.

The treatment of sclerema has been largely directed to combating the

depression of temperature by warm bottles, friction of the surface, and other

means. The use of the incubator appears to be clearly indicated.

Massage, from the extremities upwards, has proved of service, and is

strongly recommended by Soltmann. Inunctions of warm oil, of camphorated
oil, or of mercurial ointment have also been advocated.

Brandy may be given with the milk, which when the child is unable to

suck must be given with a teaspoon or by tube. Subcutaneous injections of

ether and of citrate of caffeine were employed by G. Somma, and inhalation

of oxygen has also been recommended.

LITERATURE.—Ballantyne. Diseases of the Foetus, vol. ii. 1895, p. 1. With full

bibliography. (This is by far the most complete account of Sclerema in the English language.)
—Baginski. Lehrbuch der Kinderkrankheiten. 2nd ed. 1897, p. 87.

—

Langer. Wiener
med. Presse, xxii. 1881, p. 1375.

—

Knopfelmacher. Jahrbuchf. Kinderheilkunde, xlv. 1897,

p. 177.

—

Schmidt. Zeitschr. f. Geburtsh. und Gynaekol, xxxii. 1895, p. 258.

—

Soltmann.
Eulenberg's Real Encyclopcedie. 3rd ed. vol. xxii. 1899, p. 482.—L. Somma. Clinica

Pediatrica delV Ospizio dell' Annunciata di Napoli, 1875.—G. Somma. Lo . Sclerema del

Neonati. Naples, 1892 (out of print).

—

Comba. Lo Sperimentale, vols. 50 and 51; La Clinica

Medica Italiana, xl. 1901, p. 257.

—

Jemma. Cronaca delta clinica medica di Genova, 1900,

June 4th.

Sclerodermia.

This term is used to define a group of diseases in which the skin becomes

abnormally hard and immovable. There are two main types of this

disorder: the first known as diffuse symmetrical sclerodermia, and the

second as circumscribed sclerodermia.

Diffuse Symmetrical Sclerodermia

This disease is the rarer of the two conditions, and commences as a

subacute disorder, or in some cases very gradually and insidiously. In the

subacute cases the induration of the skin is preceded by symptoms such as

pains in the joints, tingling, etc. Early a feeling of stiffness of the skin in

the parts to be affected is noted, and this symptom gradually increases.

The skin, usually of symmetrical areas, is now found either to be slightly

though firmly cedematous, pitting on firm pressure, or to be indurated.

The induration is the final phenomenon of this stage of the disease, and the
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period of oedema may have been absent altogether. The indurated skin is

hard, immovable, incapable of being pinched up between the fingers, and
on account of its immobility prevents movement in the parts which it

covers. Usually large symmetrical areas are affected in this way, so that

the face, neck, upper extremities, and the upper part of the trunk may be

completely or more less continuously involved. The upper portion of the

body shows the disease most commonly, though it is by no means unknown
in the lower extremities.

Early in the disease the appearance of the skin may seem to be but

little altered, but on examining more carefully the normal texture is seen to

be changed, the natural furrows and " lines of cleavage " are obliterated, and
very often a slight amount of patchy erythema is observed. The edge of

the sclerodermic area may occasionally be seen, especially in cases where

oedema is present ; but in other cases the edge or advancing border cannot

be easily distinguished except by palpation. On drawing the fingers across

the affected area a pale line is produced by expression of the blood, and

the normal colour is only gradually resumed as the vessels fill up again.

It is not unusual to see minute dilated vessels, either in lines or in tufts,

in various parts.

A peculiar immovable mask or statue-like appearance is early assumed
in the disease without apparent deformity ; but as the earlier stages of

the malady pass over, contraction of the affected skin proceeds, atrophy of

the subcutaneous tissue and underlying muscles takes place, and great

deformity ensues. The joints of the fingers and hands become permanently

flexed, the finger tips are pointed, and atrophy proceeding further may
even result in necrosis of the extremities. In the same way the face,

instead of the immobile mask-like appearance which it first possesses,

undergoes great disfigurement on account of the contraction of the skin

and the atrophy of the underlying parts. The skin is stretched over the

bones, the eyelids are everted, the gums shrink from the teeth, which may
fall out, the lips become puckered and shortened. Fortunately these

changes affect a considerably smaller area than the early stage of oedema

or infiltration. The fixation and movement of the joints, the interference

with respiratory movements, difficulties in deglutition, as well as the

depressing influence of the disorder, interfere most seriously with the

health of the patient. The atrophic areas of skin in the later stages can

usually be readily distinguished from the healthy skin on account of the

alteration in its texture and pigmentation, in many cases they resemble

the appearance of old ivory. The skin shrinking down on the underlying

structures allows the outline of bones and tendons in the limbs to be

distinctly observed.

In a considerable proportion of cases the prospect of at least partial

recovery is good. The duration of the disease varies very greatly. In

those instances where the onset is subacute the prospect seems to be

better than in those which commence insidiously, and in which atrophy of

the skin is an early sign. Even when induration has occurred, and the

parts have remained quite immobile for months, or it may be years,

softening of the hardened skin may occur. So long as oedema or simple

induration remains there is still prospect of improvement, but the longer

the induration persists there is less likelihood of complete recovery, as the

fixation of the parts produces atrophy of the muscles, partial or complete

ankylosis of joints, and other destructive changes which produce permanent
crippling. In those cases in which atrophy of the skin occurs early or

becomes general, symptoms of marasmus, and diminution of vitality owing
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to impaired nutrition, become pronounced, and the patient readily succumbs
to slight intercurrent maladies of the lungs, kidneys, etc.

The very striking features of this disease render it easily distinguish-

able from one or two affections which simulate it. In sclerema or oedema
of the new-born the age of the patient is sufficient in most cases to

determine the diagnosis. Sclerodermia may commence in infancy, but
more commonly in early youth. It is worthy of notice that occasion-

ally the rare form of cancer " en cuirasse," in which the nodules of growth
and infiltrating margin of the disease are sometimes difficult to distinguish,

has been confused with sclerodermia.

Treatment.—No specific lines of treatment have had any affect in

determining its course or curing the disease. All efforts should be

concentrated on protecting the patient against adverse hygienic influences,

especially that of cold ; the subjects of sclerodermia are especially

susceptible to the depressing influences of a low temperature. The food

should be arranged so as to allow of nutrition being kept up to the highest

standard, and the organs of digestion should be aided in every way.

Local treatment by means of gentle friction and massage, with the

application of oily substances or simple ointments, is frequently of much
advantage.

CIRCUMSCRIBED SCLERODERMIA

This form of the disease is frequently known as niorphoea, and in the

older terminology as the keloid of Addison.

The lesions make their appearance usually without symptoms, though
occasionally sensations of tingling in the areas about to be affected may
precede or accompany the induration of the skin. The patient's attention

is attracted by these symptoms or by the stiffness of the patch of skin,

by the loss of hair, if the scalp is affected, or by simply observing the

alteration in the colour and texture of the skin, if the disease attacks a

prominent position. The altered skin assumes a stiff, parchment-like

texture, and is pinched up between the fingers with difficulty, the affected

area is altered in texture, the natural furrows and wrinklings disappear,

and it usually assumes a smooth, polished surface. Frequently the

pigmentation is also altered, and the affected area may have a light sepia

tint, resembling old ivory. In other cases the area of the lesion is whiter

than the surrounding skin, and has a glistening appearance. It is not un-
usual to observe that increase of pigmentation is noticeable in the apparently

normal skin surrounding the lesions. The margins are sharply defined,

and in different cases the affected areas may be slightly raised above or

depressed below the healthy skin, so that an edge or furrow marks its

border; in the later stages of the disease more or less depression of the

affected area is the rule. In the early stages the borders of the lesion

show a peculiar erythema, giving a pink or lilac tint which fades away into

the surrounding normal structures. The shape of the lesions vary very

much ; they may occur as patches of a rounded or oval shape, which are

sometimes quite small and numerous, so as to deserve the name of " guttate

sclerodermia." In other cases the patches, an inch or two in diameter,

are scattered on various parts of the trunk or the extremities. Not
unfrequently the lesions have a linear distribution, perhaps more commonly
on the extremities, and ultimately give rise to " strise atrophic*."

But one of the most characteristic of all the methods of distribution is

the appearance of sclerodermia in bands. These may be multiple, and
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when numerous, occupy considerable areas of the body ; they seem to be

frequently segmental in their distribution, or in some cases to follow the

distribution of individual cutaneous nerves. Thus the position which is

not uncommonly occupied by this band-like structure is the distribution

of the supraorbital branch of the fifth nerve, commencing narrowly near

the supraorbital notch, and extending backwards fan-like over the forehead

and vertex. In such cases little patches of sclerodermia may also be noted on

parts of the face supplied by other branches of the fifth cranial nerve. On
the trunk the bands pursue a course parallel to the ribs, and when multiple,

a peculiar striped appearance is imparted, owing to the alternating bands
of sclerodermic and normal skin. When much disturbance of pigmentation

is present the appearance of the patient then becomes very striking. At
first the bands of sclerodermia are often raised, in the so-called indurated

stage of the disease, they become depressed later producing compression of

the underlying structures, as if a strap were firmly passed across them.

This becomes especially noticeable when the band of sclerodermia passes

over soft structures, as, for instance, the breast. In spite of the striking

alteration in the appearance of the skin sensibility is only slightly, if at

all, disturbed, not unfrequently the sweat and sebaceous glands retain a

certain amount of activity, though, as a rule, this is much impaired.

Patulous orifices of the sebaceous follicles are in certain cases the only

disturbance of the glossy smoothness presented by the altered skin.

The progress of the disease is slow, and after the lesion is well formed
it usually remains stationary for a long period, probably for years. It may
then slowly disappear, the skin regaining much of its normal appearance

;

but in other cases gradual atrophy develops with permanent destruction

of the skin. In some cases retrogression of the diseased areas may take

place in one or two years. In the majority of instances the disease is of

much longer duration, and patches may make their appearance, and in

turn disappear during ten years or more, while in others the skin becomes
permanently atrophied.

In certain cases, especially when the sclerodermia is of long duration,

degenerative changes make their appearance. Occasionally ulceration of

intractable character occurs on the sclerodermic areas, and keratoma and
other epithelial degenerations have been observed.

The histological changes affect the corium mainly. Its connective-

tissue bundles are hypertrophied, producing an aspect of great condensation

of the cutis, without noticeable proliferation of connective -tissue cells

except in certain positions. The upper layers of the cutis are especially

affected, and the papillae more or less flattened, while the sweat and
sebaceous glands and ducts are compressed and even atrophied if the

condensation passes deep into the cutis. Groups of new connective-tissue

cells are seen surrounding the skin appendages, and in certain other

situations especially surrounding the small blood-vessels. These vessels,

as well as the lymphatic channels, are much narrower, but no signs of true

obliterative endarteritis are noted. Surrounding the diseased area the

blood and lymph vessels are usually wider than normal. The epithelium
may show pigmentation and may be thinned, but otherwise shows little

change. The alterations described make their appearance in both types of

the disease.

The etiology of the condition is unexplained. It occurs in women
much more frequently than in men, and may appear at a very early age,

though apparently not in infancy. The majority of cases presenting

themselves occur in adolescents or young adults. There can be little
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doubt that many of the patients showing the disease are of nervous dis-

position, but whether this is associated with the cause or is simply an effect

of the malady is difficult to determine. Depressing influences seem to

have less effect in producing the circumscribed variety of the disease than

in the case of the diffuse symmetrical type. Its relation to nerve distribu-

tion, especially in the band-like variety, which has frequently a typical

zosteriform outline, is very suggestive, and has frequently been remarked
by clinical observers ; but no definite nerve lesion, such as in the case of

herpes zoster, has yet been recognised in cases of zosteriform morphoea.

Treatment has very little effect in modifying the cause of an attack of

morphoea. General measures to sustain nutrition and to keep the patient

in " good condition " should be taken. In some cases regular and gentle

massage of the patch of sclerodermia, using a bland oil for the purpose,

appear to hasten the resolution of the induration, and to make the skin

more pliable, and should certainly be tried. Galvanism and electrolysis

have been made use of, but without sufficient success to justify their

employment except under very exceptional circumstances.
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The sclerotic forms four-fifths of the outer protective tunic of the eyeball,

the remaining fifth being covered by the cornea. Although the two
structures differ so widely in outward appearance they are histologically

very much alike. Each is composed of interlacing bundles of fibres of

connective tissue, but in the former there is less regularity of arrangement,
and so the opaque whiteness of the one stands out in striking contrast to

the perfect transparency of the other. There is, however, no sharp line of

demarcation between them, for microscopic examination shows clearly that

one passes without break into the other. The sclera is thickest behind, and
becomes gradually thinner as the cornea is approached, but localised

thickenings occur at the insertions of the ocular muscles. Its weakest
parts are at the lamina cribrosa, where the fibres of the optic nerve enter

the eye, and at the zone round the cornea; overlying the canal of Schlemm.
The sclerotic is very poorly supplied with both blood-vessels and nerves,

but it is in intimate anatomical connection with all the vascular structures

of the eyeball. Externally it is closely related to the blood-vessels of the

conjunctiva and episcleral tissue, internally to those of the choroid and
ciliary body, and by the fibres of the ligamentum pectination it is united

to the iris. It is traversed also by numerous vessels and nerves which
penetrate it to gain access to the interior of the eye, and by the venae

vorticosae, as well as by the anterior ciliary veins which pierce it where
they emerge on the surface of the globe. Along the course of these blood-

vessels and nerves are numerous branched pigment corpuscles, which help

to give the structure a bluish colour, and which at times collect and form
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brownish spots on the white of the eye. When this pigmentation is con-

genital it usually occupies the circumcorneal region, and has rarely any
significance, but when it is pathological it may implicate a considerable

area of the sclerotic, and mark the site of a melano-sarcoma of the choroid.

The anatomical connections just mentioned have an important bearing

on the pathological relation of diseases of the sclerotic, which are usually

secondary to those of the cornea and uveal tract. Idiopathic inflammation

is rare, but it does occur, attacking the part between the equator and the

margin of the cornea. Two forms of inflammation can be distinguished

:

first, episcleritis, where the changes are limited to the superficial layers

;

and, second, sclerotitis, where the middle and deeper layers are involved.

In the former the disease causes a good deal of annoyance, but is never

serious ; in the latter it is dangerous to sight, owing to complications in-

volving the cornea, iris, ciliary body, and choroid.

Episcleritis

This disease occurs most frequently in young adults, especially if they

have a rheumatic or gouty constitution. It is more frequent among women
than among men, a result probably due to changes connected with men-
struation. Attacks often occur regularly at the menstrual period, although

the eye is, in the interval, to all appearance perfectly well. Episcleritis is

characterised by the occurrence on the sclerotic, close to the margin of the

cornea, of a circumscribed elevation of dark red or bluish red colour. This

might at first sight be mistaken for a phlycten, but careful examination
will show that the infiltration is not in, but beneath, the conjunctiva

;

moreover, the inflamed patch is always tender to touch, and there is

usually more or less aching pain in the brow. The cornea and iris are

unaffected. After a few weeks the general congestion diminishes, and the

swelling (which is now more bluish than red, and is traversed by a few
enlarged and varicose veins) gradually disappears, though usually for some
time longer the underlying sclerotic presents a slate-blue discoloration.

Episcleritis shows a marked tendency to recur at the same spot, or at some
other part of the eyeball, and it may continue to attack point after point,

and only pass off after it has travelled all round the circumference of the

cornea, a process which may occupy many months. It may also recur

after a lapse of several years, and sometimes the eyes are affected

alternately.

Episcleritis periodica fugax—the name given by Euchs to a condition

termed by von Graefe sub-conjunctivitis or tenonitis anterior, and described

long ago by Hutchinson under the name of " hot eye "—is a somewhat
rare disease. It is generally found attacking persons in middle life, and
may be distinguished from the usual form by the absence of typical nodules

and of any marked atrophy of the sclerotic. While it is frequently found
associated with the gouty or rheumatic diathesis, it makes its appearance in

many instances without any very definite ascertainable cause. There is

inflammation of the conjunctiva and of the episcleral tissues, and the latter

may be considerably swollen. The inflammation may affect one or both
eyes, and may confine itself to one part of the sclerotic, or involve the

whole area between the equator and the margin of the cornea. Pain,

photophobia, and lachrymation always exist, and in severe cases contraction

of the pupil and spasm of the ciliary muscle are added. The attack may
last for only a few hours, or for several days, and while hot eye always
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disappears without doing permanent harm, it is, like the ordinary form,

very apt to recur.

Opportunities for the study of the pathology of episcleritis have been,

of course, far more numerous, but examination of the few eyes available post-

mortem has demonstrated that the typical nodules are caused by an in-

filtration of the superficial layers of the sclerotic, the connective-tissue bundles

having become separated by fibrinous and cellular exudation which shows

no tendency to break down, but gradually becomes absorbed. As a result

of this process the area of sclerotic affected becomes thinned, and the

bluish stain which so frequently marks the site occupied by a nodule is

therefore obviously due to the pigment in the underlying choroid. In spite

of the protracted course of the disease, which may last for months or even

for years, the prognosis is always favourable. The sight is never impli-

cated, nor is any permanent or serious damage ever done to the eyeball.

The chief indications for treatment are to combat the different stages

as they arise, and to try to prevent recurrence. As the superficial is only

to be distinguished from the deep form of the disease by the absence of

iritis and similar complications, it is in every case, in the first instance,

wise to instil atropine. If the pupil dilates fully the course is likely to

be favourable, no matter how severe and distressing the symptoms may be.

The application of a blister to the temple, and the administration of a

mercurial, followed by a saline purge at the very outset, will often at once

cut an attack short ; but if the pain be excessive, and the injection of the

eyeball livid in colour, more speedy relief will be obtained by the appli-

cation of three or four leeches to the outer canthus. The blood-letting

should always be followed by the application of fomentations, or of the

Japanese warmer. In chronic cases atropine continuously used is apt to

excite increase in the intraocular tension, and consequently eserine and

pilocarpine, combined with cocaine and adrenalin, are more beneficial.

Where there is a gouty or rheumatic diathesis, alkalies, iodides, and sali-

cylates are clearly indicated, and when the attack is acute these should be

administered in large doses, the patient should be kept in bed, and every-

thing should be done to encourage the free action of the skin.

An acute attack treated in this way usually passes off in a few days,

but the slightest exposure to cold or to damp may at any moment bring

about a relapse, and it is therefore necessary, even after the recovery seems

perfect, to continue the treatment by alkalies and tonics. Indeed, if the

patient's circumstances permit, the best results are likely to be obtained

by sending him to a Spa, where the waters are mildly alkaline, and where

the climate is dry and bracing. He must also be warned never to expose

the eyes to bright light or to cold winds, or to overtax them in reading.

As a safeguard against I the first two he should be furnished with pro-

tective glasses, and against the last by the provision of suitable spectacles

if there iDe any error of refraction. If a lotion be necessary, nothing is

more soothing than a warm solution of boric acid, to which opium and
chamomile have been added, but all eyewashes and ointments containing

irritants, such as zinc, alum, perchloride of mercury, etc., are to be avoided.

It must never be forgotten that in diseases of the sclerotic the eyes are

very intolerant of local applications.

Sclerotitis

This is a very dangerous disease, for although in the early stages the

signs are slight, yet its progress is most insidious, and in the long run it is
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likely to involve all the tissues of the eyeball. Its consequences are all

the more distressing from the fact that it very frequently attacks young
adults, and usually affects both eyes. Females suffer oftener than males,

and those whose constitutions are tainted by scrofula, rheumatism, gout, or

syphilis, become victims all the more readily. At the outset a few-

enlarged and varicose blood-vessels appear over the surface of the sclerotic,

and at one part the white of the eye quickly becomes bluish, with here and
there a thickened patch of porcelain - like appearance. As the diseased

area spreads the deeper structures become involved, the iris gets dis-

coloured, and very frequently the intraocular tension is reduced. A
subacute or chronic iritis supervenes, the aqueous becomes turbid, and
dirty, greasy- looking spots form on the posterior surface of the cornea.

The patient's sufferings are usually acute : he shuns the light, the eye
waters copiously, and vision is seriously impaired. The inflammation
spreads in surface extent as well as in depth. Milky white opacities

form on the cornea as if its circumference were, at different points,

being overlapped by the sclerotic. These opacities are usually sector-

shaped, and the cornea in their neighbourhood is always more or less

inflamed. After an acute attack passes off the transparency may be so

far recovered that vision improves, but the sclerotic has changed consider-

ably in appearance, and patches of a dark-blue slate colour are visible round
the cornea.

The pupil becomes contracted and is occasionally displaced, the base of

the iris is pushed against the posterior surface of the cornea so that the

anterior filtration spaces become obliterated, and the eye is liable to attacks

of acute glaucoma. The increased intraocular tension reacting on the
weakened sclerotic, causes it to bulge forward to form a staphyloma. This
(in the first instance usually partial) is situated immediately behind the

corneal margin, around which are elevations—multiple staphylomata—blue

in colour, owing to the pigment of the choroid shining through. These
ectasia may be situated over the ciliary processes (when they show as dark
streaks), but more usually they lie a little farther forward, their site

corresponding to the zone between the cornea and the root of the iris. In
the former case they are spoken of as ciliary staphylomata ; in the latter,

as interciliary staphylomata. A further stage in the progress of the disease

is marked by increased secretion of fluid into the vitreous. This gives

rise to still greater tension, which the parietes of the globe already

weakened are unable to withstand, and consequently the eyeball becomes
distended in all its diameters, and a certain amount of exophthalmos
is produced. In most instances the cornea is by this time opaque and
enlarged, and its curvature so altered as to make it seem almost continuous
with the attenuated sclerotic. A somewhat similar condition of things

occasionally develops during the early years of life, and gives rise to

buphthalmos, though the earliest stages of this disease probably always
occur in utero.

Sclerotitis may go on for many years—being thus one of the most
tedious of ailments—and, unfortunately, little can be done in the way of

treatment. While the distress incident to acute attacks may be, to a great

extent, relieved, remedies are of little avail in arresting the steadily down-
ward course of the disorder. Under favourable conditions a remission in

the symptoms may be obtained, but the improvement is rarely perma-
nent, and a very slight cause serves, in predisposed subjects, to deter-

mine a relapse. After each recurrence vision deteriorates more and
more, and owing to the appearance of acute attacks of secondary glau-



SCLEROTIC, DISEASES OF THE 13

coma, the sufferings of the patient are, especially in the later periods, very-

severe.

In the early stages in particular care must be taken not to adopt any
routine method of treatment. Every case must be carefully examined on
its own merits, in order to find out not only the amount of damage which
has been done to the eye, but also, if possible, the cause of the inflamma-
tion. Probably in every instance sclerotitis primarily originates in some
morbid constitutional state, but it is often exceedingly difficult to determine
the true nature of the dyscrasia. Where cases are undoubtedly due to

scrofula, rheumatism, gout, or syphilis, the all -important indication in

treatment is to prescribe remedies directed against the particular diathesis

from which the patient is suffering. Naturally one thinks of iodides,

mercury, alkalies, iron, cod -liver oil, maltine, etc., and occasionally the
prolonged administration of these does much to hold the disease in check.

In other cases, however, such a line of treatment seems to do harm, by
disordering digestion and interfering with the proper assimilation and
metabolism of food. It is always of the first importance to maintain
nutrition at the highest possible level, and hence the value of careful

dieting, and of placing the patient in the best hygienic surroundings.

Even when, however, by these means an improvement in general health
has been effected, the eye -condition often shows no signs of improvement,
because the ocular changes have advanced so far, and are of such a nature
as of themselves seriously to imperil the nutrition of the eye.

Acute symptoms nearly always arise from increased intraocular tension,

brought about by the blocking of the anterior filtration spaces through
pathological changes occurring in the iris and ciliary body. One of the
most reliable guides, therefore, in the treatment of an individual case is the
careful estimation of the tension of the eyeball. In the early stages acute
symptoms must be met and dealt with in the manner previously described

when speaking of episcleritis; but in the later stages, when severe com-
plications have occurred, leeches, fomentations, myotics, and morphia may
all faibto afford any permanent relief, and then surgical treatment becomes
necessary. One of the simplest, as it is one of the safest methods of

operating in such cases, is to puncture the sclerotic as far back as possible

with a broad needle, so that some of the contents of the eyeball may escape.

This has the effect of immediately lowering the tension, and relieving the
pain, and the respite thus gained is often of considerable duration. When
the cornea is seriously implicated, and blood-vessels are seen to enter its

substance from the periphery, the excision of a circumcorneal ring of

conjunctiva tends, by cutting off the abnormal vascular supply, to facilitate

the disappearance of nebulous opacities, and so to improve the sight. At
other times the excision of a piece of iris opposite the clearest part of the
cornea not only reduces the intraocular tension, but forms, at the same
time, an artificial pupil, thereby restoring a measure of sight to an eye
which. had till then been practically blind. The incision must be made as

much in the sclerotic as possible, and the iris separated completely from its

ciliary attachment, care being afterwards taken that its cut edges are in no
way caught in the lips of the wound. In sclerotitis, however, it is not wise
to perform an iridectomy until all acute inflammatory symptoms have
passed away, because if the operation be premature it may aggravate
matters, and be speedily followed by a rapid distension of the eyeball.

Scleral paracentesis and peritomy are, on the whole, the safest operations,

as they can be repeated again and again, and are never likely to do any
harm. Unfortunately, however, in the steady downward course of events
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the time comes when sight is altogether lost, and then, in order to relieve

the patient from intolerable suffering, the disorganised eyeball must be
enucleated.

Injuries of the Sclerotic

Wounds of the sclerotic may be divided into lacerated, incised, and
punctured.

Those of the first class are the result of a blow, which causes a rupture
of the sclera—most frequently at the upper and inner aspect of the globe,

and concentric to the corneal margin. The part of the sclera which bursts

is that which overlies the canal of Schlemm, from two to three millimetres

from the margin of the cornea. A blow severe enough to rupture the

eyeball always causes damage to the deeper parts. Very frequently the

lens is dislocated and extruded. The conjunctiva is, however, so elastic that

it may not give way, and the dislocated lens is, therefore, seen lying

beneath it. The iris is displaced backwards, and the part opposite the

wound passes out of sight altogether, leaving a gap resembling that result-

ing from an iridectomy. There is always considerable effusion of blood

into both the anterior and the posterior chamber of the eye. In other

cases the rupture may be very much more extreme, the worst examples
being seen in persons who have been severely assaulted, or whose eye has
been struck by a cow's horn. In such instances there is a wide rent in the

sclerotic, a large escape of the clear structures takes place, and the choroid

and retina are seen hanging from the lips of the wound. The eye is filled

with blood, which often forms a thin layer behind the cornea, giving rise to

the appearance of a pupil, though no pupil is there. The blood may
infiltrate the substance of the cornea, and always causes discoloration of,

and a great amount of swelling in both conjunctiva and lids.

Incised and punctured wounds are inflicted by some sharp instrument,
e.g. a knife, scissors, a fork prong, a pen, a piece of glass, a chip of metal,

a bullet, etc. The great danger when a wound has perforated the sclera

is, that the instrument which caused it may at the same time have infected

the eyeball. Aseptic wounds are to be found only after carefully performed
surgical operations ; all other wounds may be regarded as septic. The
injury to the sclera may, in a case of puncture, be very slight—so slight,

indeed, as to be completely hidden by conjunctival ecchymosis—yet micro-
organisms have been conveyed into the interior of the ball, and in a few
days the eye is entirely destroyed by suppuration. The difficulty in the
diagnosis of these seemingly trivial cases will be considerably lessened if

care be taken to examine the tension of the globe. Whenever there is an
opening in the sclera the intraocular tension is markedly diminished.

Incised wounds, usually self-evident in themselves, are, besides, accom-
panied by a prolapse of the ciliary body or choroid, and by escape of the
vitreous. If they be extensive—and more particularly if the ciliary region

be involved and the escape of vitreous be large—the eye will be almost
certainly lost, because, even although the wound heal kindly, there is

always subsequent inflammation of the uveal tract; and this leads to

shrinking of the globe, and possibly to sympathetic inflammation. When
the injury has been caused by a knife, fork, or pair of scissors, the chances
of the presence of a foreign body are very remote, but when it has been
inflicted by a chip of metal, of stone, or of glass, by a splinter from a
percussion cap, or by a bullet, the case is very different. Under these
circumstances the probability that a fragment of the substance has lodged
inside is very great indeed, and this makes matters all the more serious.
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If the patient be seen immediately after the accident the foreign body may
be detected in the vitreous chamber by means of the ophthalmoscope ; but

should any little time have elapsed between the infliction of the injury and

the examination, the foreign body will be concealed either by blood-clot or

by the inflammatory exudation which its presence has induced. Here the

Eontgen rays become at once of the utmost value, for, although careful

inquiry into the history of the accident and accurate observation of the

nature of the wound may afford much information, yet the presence or the

absence of an extraneous substance can rarely be determined with certainty

otherwise than by the existence or non-existence of an image on the

photographic plate or on the fluorescent screen. In this way, also, if a

foreign body be present, its exact position may be definitely settled, and
the extraction rendered all the more easy.

In dealing with woundslof the sclerotic such examination and determina-

tion are essential preliminaries. If no foreign body be present the chances

of preserving a serviceable eye will depend very largely upon the site and
extent of the injury, the amount of the loss of vitreous, and the risk of

septic infection. The wound should be carefully cleansed by copious

douching with solution of boric acid, and the skin of the eyelids and
surrounding parts of the face thoroughly disinfected. Any prolapse of the

contents of the globe must be carefully cut away, and the lips of the

wound in the sclerotic drawn together by sutures passed through the

conjunctiva. To suture the sclera itself would be both difficult and
dangerous, and is quite unnecessary. The most recent pathological

researches have shown that in the process of healing the sclera may be

regarded as passive, union being affected by the reparative changes which

take place both in the episcleral tissue and conjunctiva, and in the choroid

opposite to the wound. If there be subconjunctival dislocation of the

lens the conjunctiva covering it must be incised to allow the lens to escape,

and the edges of the incision brought into accurate apposition by silk

sutures. The wound should then be dusted with finely powdered iodoform

and boric acid, the eye carefully bandaged, and the patient put to bed.

An icebag should be applied for the first twenty-four hours to relieve pain

and subdue inflammation. When a foreign body is present endeavours

must be made to extract it. If it be a chip of iron or of steel, its removal

will be greatly facilitated by the employment of the electro-magnet, but

should it happen that the substance is one which the magnet will not

attract, an attempt must be made to grasp it with forceps after its position

has been accurately localised by means of the X-ray apparatus. After the

foreign body has been removed, the wound should be treated in the manner
just described as suitable for simple incised injuries. If the injury be

extensive and the eyeball collapsed through loss of vitreous, or if attempts

to extract a foreign body have been unsuccessful, the wisest plan is to

enucleate at once, so that the patient may be saved much suffering, and the

risk of sympathetic inflammation may be avoided.

Staphyloma

Staphylomata of the sclerotic are due to a disturbance between the

intraocular tension and the resistance of the scleral tissue. Whenever the

former is increased or the latter diminished an ectasia of the sclera

gradually takes place, and the bulging may be either total or partial.

Total staphyloma only occurs in infancy or early youth, and may be con-

genital. It leads to a uniform distension of the whole eyeball, and is
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usually described as hydrophthalmos, buphthalmos, or infantile glaucoma.

Partial staphylomata, according to their site, are distinguished as anterior,

equatorial, or posterior, the last named being visible only by the aid of the

ophthalmoscope. Anterior and equatorial staphylomata begin as small,

dark spots, which enlarge and become darker in colour as the sclerotic

becomes thinner, and so allows the pigment of the choroid to shine through

it. They may attain to such a size that the eyeball cannot be covered by

the lids, and in consequence of exposure it is very liable to inflammation or

to suffer from injury. Such eyes are frequently attacked by internal

haemorrhage, and may occasion much pain. A slight blow or any strain

consequent on any unusual effort may induce rupture, followed by escape

of the vitreous and bleeding from the choroidal vessels. The collapsed eye-

ball may shrivel quietly, but it may become infected, and then pan-

ophthalmitis is almost sure to occur. In the early stages, when intraocular

tension is high, an iridectomy operation may arrest the progress of the

disease, but whenever sight is lost and the eyeball much distended it is

wisest to enucleate.
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Anatomy of the Scrotum.—The scrotum forms the purse-like invest-

ment for the testes and part of the spermatic cords. It is marked into two

lateral halves by a median ridge—the raphe—and each half consists of the

following layers : skin, superficial fascia, dartos tissue, intercolumnar fascia,

cremaster muscle and fascia, infundibuliform fascia, and outer layer of the

tunica vaginalis. The skin of the scrotum is thin, pigmented, and contains

peculiar sebaceous follicles. The dartos tissue is subcutaneous, and is con-

tinuous with the superficial fascia of the groin, perineum, and inner side of

the thighs. It is free from fat, very vascular, and owes its contractility to

the presence of much unstriped muscular tissue. It forms two distinct

sacs for the corresponding testis, united together along the middle line to

form the median partition—the septum scroti. The arteries of the scrotum

are derived from the two external pudic arteries and the superficial perineal
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branches of the internal pudic. The veins accompany the arteries. The
lymphatics pass into the inguinal lymph glands, and the following nerves

are to be found : ilio-inguinal, ilio-hypogastric, superficial perineal, inferior

pudendal, and the genital branch of the genito-crural.

Contusions of the Scrotum.—Owing to the looseness of the scrotal

cellular tissue, subcutaneous haemorrhages resulting from contusions are

often followed by the escape of a large quantity of blood beneath the skin

and dartos. In this way large hematomas may be formed, and may easily be

mistaken for vaginal hreinatocele. Such blood collections are best left alone,

unless they inflame and suppurate, when they must be opened and drained

in the ordinary way.

Wounds of the Scrotum may open the tunica vaginalis and expose

or injure the testicle. They must be made scrupulously clean, and the

tunica vaginalis closed by sutures and temporarily drained if necessary.

Abnormalities.—Cleft Scrotum.—The scrotum is sometimes congenitally

cleft, so that the testes lie in a separate bag on either side. This condition

results from a failure of union between the two sides of the external genital

folds from which the scrotal tissues are developed. It is usually associated

with other deficiencies in the genitalia, such as hypospadias, and is mistaken

at times for a form of hermaphroditism.

(Edema of the Scrotum.—The loose tissue of the scrotum renders it

liable to cedeina. Often met with in newborn and young children, result-

ing in them from some slight irritation of the skin, and usually subsiding

under careful attention to keep the part dry and powdered. In weakly
children it may pass into a spreading erysipelatous condition, which is

occasionally fatal. In after life it is easily induced by inflammation and
suppuration of adjacent parts, especially abscesses connected with the

urethra ; sometimes it is the early attendant on general dropsy, resulting

from diseases of internal organs—heart, kidneys, liver, etc. It is usually

dependent on some cause—generally local—and subsides when that cause

is removed. Great relief may be afforded, and sloughing prevented by
puncturing the parts at various points. These punctures allow the serum
to drain away and are much safer than incisions.

Inflammation.—Erysipelas.—Its loose structure and pendulous position

renders the scrotum an easy prey to inflammation, erysipelatous or other,

which is apt to be excited by slight causes, such as small wounds or

abrasions, neighbouring abscesses, ulcers, and eruptions or fistuke. In
other cases there is no apparent cause for the attack. In whatever way
originating the affection is a dangerous one, occurring as it often does in

patients in poor health, intemperate, ill-fed, or the subjects of visceral

disease ; it is very prone to run on into diffuse suppuration, with sloughing of

the skin and subcutaneous tissue. Another very important point in reference

to these cases of erysipelatous inflammation of the scrotum is that they are

liable to be mistaken at first sight for extravasations of urine, but that the

inflammation depends on some defect of general health or local cause is

shown by the facts that the patients have, previously to the attack, experi-

enced no difficulty in micturition, and that a large bougie can be easily

passed into the bladder. When suppuration takes place it is usually

diffuse, and may be recognised by the hard feel and the angry appearance

of the part, added to the dry tongue and low feverish state of the patient.

Abscess is rare in the scrotum.

Treatment.—Dusting with dry powders—boric acid, zinc, and starch

powders, etc.—may be tried at first, but when these fail to give relief moist

applications must be substituted. Where warm fomentations, rest, etc., do

vol. xi 2
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not cause a diminution in the swelling, numerous small punctures should

be made early. Where the swelling is already great, the scrotum tense

and glossy, its tissues and those of the penis brawny and cedematous, where
there is any discoloration of these parts, especially when they tend to

become ashy grey, incisions must be made freely, and alcohol, carbonate of

ammonia and bark, with light nutritious diet, liberally administered. But
in spite of the above, it is not uncommon for these patients to pass into a

condition of increasing asthenia which finally ends fatally.

Gangrene.—The above-mentioned acute cellular erysipelas of the

scrotum may soon involve the whole part in gangrene. The tissues of this

region have no great degree of vitality. Gangrene also occurs after pro-

longed fevers in children recovering from one of the exanthemata.

Treatment.—In addition to the treatment already detailed, special

attention must be given to the process of separation of sloughs, which may
be hastened by the constant application of charcoal poultices, and by the

regular snipping away of loose parts which are hopelessly necrosed. The
testes rarely if ever perish; they may become completely exposed and deprived

of every vestige of their scrotal coverings, but they cover in and heal over in

a remarkable manner, the resulting cicatrix being quite insignificant after

such an extensive and serious-looking condition.

Emphysema of the Scrotum.—Air or gases in the scrotal tissues are

seen in connection with acute gangrene either due to erysipelas or ordinary

extravasation : the gases are products of decomposition evolved by certain

species of putrefactive organisms. Emphysema is occasionally seen after

wounds of the part, and calls for no particular treatment.

Prurigo Scroti.—This affection occurs chiefly in elderly people, and
consists of a number of solid lichenous papules upon the skin of the scrotum,

chiefly on those parts of the scrotum which are opposed to the thighs and
penis ; the skin is usually slightly thickened and is marked by scratching.

It is extremely obstinate, and its exact nature is often obscure. It is

sometimes connected with a diathetic condition, such as gout, and is

aggravated by uncleanliness. Its treatment is chiefly local, and dry

powdery applications—such as oxide of zinc, calomel, and powdered starch

—appear to suit it best. The cyanides, chloroform, tar, and the mercurials

may be used to allay the distressful itching.

Pruritus of the genitals may depend upon other local conditions, such as

eczema, intertrigo, and pediculi, and these must be treated by the methods
found most serviceable for these affections on other parts of the body.

Eczema of the Scrotum is a troublesome affection giving rise to great

pruritus and irritation. The more chronic forms occur amongst workers in

tar and paraffin, and also in chimney sweeps, being due to the constant

irritation of the corrugated integument of the scrotum by dirty clothes.

This condition may run on to epithelioma. It is best treated by cleanliness

and dusting with dry powders.

Scrotal Eruptions in Secondary Syphilis.—These occur under two
distinct forms : (1) Mucous tubercles, and (2) Psoriasis.

Mucous tubercles occur as raised, flattened, roundish, moist grey patches

either at the part of the scrotum near the root of the penis, i.e. where the

penis overhangs it, or at the sides of the scrotum where the thighs come in

contact with it. They are seen during the ordinary period of the secondary

stage, and are curable by frequently dusting with calomel and oxide of zinc

in equal parts.

The psoriasis form is a later secondary, and has peculiar characters

in this region. It takes the form of irregular rings, which extend slowly,
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and intersect each other in all directions. The rings are formed by slight

thickenings of the skin, about a quarter of an inch in width, slightly raised

and red in colour ; the redness is covered, except at its extreme edges, by a

thin layer of white scale, which is wrinkled transversely to the circumference

of the circles. They are sometimes the only skin syphilide present. Itching

is often complained of. They are best treated by weak mercurial ointments

made with benzoated lard, and not vaseline. Dry powders are also suitable

applications. They disappear under the general treatment suited to

secondary syphilis.

Gonorrheal warts are occasionally met with on the skin of the scrotum.

They are papillary, " branching," multiple, moist, and offensive, and may be

cured by dusting with calomel, painting with tincture of iodine, or snipping

away with scissors down to the corium.

Scrotal fistula are usually due to the bursting of abscesses in connection

with the urethra. They are frequently multiple and may occur at any
part, of the scrotum. A history of the conditions which precede them,

and a determination of the causes upon which these depend, will indicate

the treatment appropriate to each case ; for when their cause or causes are

removed the fistula? themselves heal without any special treatment.

Scrotal sinuses are often seen in connection with tubercular diseases of

the testis, and occasionally with syphilitic disease of the organ. Their cure

can be effected only by getting rid of the necrotic foci which give rise to

them.

Scrotal Calculi.—These consist either of uric acid or of phosphate of lime,

and are formed by deposition from the urine, either within the urethra or

along a fistulous track. They have been met with in some cases of

large size, after many years of existence and growth. Having made their

way by ulceration through the urethra, they increase by the deposition of

salts from the urine which escapes through the urethral fistula. They may
be removed through a simple incision made over them, and steps taken to

close the opening into the urethra so as to prevent the formation of future

calculi in the same situation.

Tumours of the Scrotum.—Of thenon-malignanttumours of thescrotum

mention need only be made of :—nsevi, which should be excised as soon as it

is evident their removal is indicated ; cysts, usually sebaceous, which may
be removed in the ordinary way; lipomata, fibromata, (which sometimes

attain a very large size, and may contain cartilaginous, myxomatous, or sarco-

matous elements) and chondromata. Sequestration dermoids (Bland Sutton)

arise in detached or sequestrated portions of surface epithelium, chiefly in

situations where, during embryonic life, coalescence takes place between

skin covered surfaces. In the scrotum this coalescence is in the middle line.

They contain putty-like material, in which are usually a few hairs, and are

lined with stratified epithelium ; in their walls papillae and sebaceous glands

are found.

The treatment of any of these non-malignant tumours is removal by
operation.

Epithelioma of the Scrotum, or Chimney- Sweep's Cancer.—
Epithelioma of the scrotum is almost entirely confined to chimney-sweeps,

and is more common in this country than in others. It occurs, however,

in other than sweeps, especially in those whose occupation favours the

saturation of their clothes with some irritant. Thus it has been noticed

among the employes at gas-works, tar-works, and chemical manufactories.

The skin of chimney-sweeps is very commonly encrusted with scaling

and indurated patches. In many of them, even when they are thoroughly
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clean, the whole skin is dry, harsh, and dusky, and before operation for the

removal of scrotal cancer in them, it is a common question whether one or

more warts and scaly patches near the chief disease should be removed with

it. Nor are such warts confined to the scrotum, they may exist on every

part of the trunk and limbs.

In its origin, structure, course, and implication of adjacent glands,

without involving more distant regions, it corresponds with epithelial

cancer of the skin in other parts, it is slow in its progress and early

in its invasion of lymphatic glands. It commonly begins as a soft, small

tubercle or wart in the scrotum. This tubercle appears to be of simple

nature, and may remain for a long time without change, only increasing

very slowly. Sooner or later it becomes indurated, spreads, and is covered

with a crust ; and when the crust is removed it bleeds a little. Subsequently

it ulcerates, and an uneven, open, cauliflower-like surface is formed, dis-

charging thin bloody fluid, and having a sinuous everted or inverted edge,

with a large tuberous margin and an indurated base. Other forms in which

this disease may originate are hornlike excrescences, or subcutaneous

nodules over which the skin may be thin and adherent, but not otherwise

affected. In such cases the epithelioma has probably commenced in the

sebaceous glands or air follicles. Finally, the affection may start from one

of those moles which are met with in the pigmented skin of the scrotum.

In whatever way the disease begins, ulceration of a malignant nature is

sooner or later certain. It then goes on spreading until the whole scrotum

is destroyed, and occasionally the crura of the penis and the thickened

tunica vaginalis or even the testicles themselves are exposed. Before this,

however, the inguinal glands become indurated, subsequently they soften

and break, forming excavated cancerous ulcers which spread until the

patient is exhausted by the discharge and pain. Often a large vessel

in the groin gives way and haemorrhage shortens the patient's sufferings.

The lumbar glands and abdominal viscera are not as a rule involved.

Treatment.—The only treatment is by excision, which must be early and

freely done. In very early cases only complete cure by operation is to be.

expected, and should recurrences occur, they should at once be removed, so

long as it is possible to get well beyond the limits of disease, even although

the testes and the penis may have to be sacrificed. Enlarged inguinal

glands should be at once removed, and by clean, careful dissection all the

fat and connective tissues adjacent to them should be cleared away. It is

important in following a chain of inguinal glands to remember that the

course of their efferent vessels is inwards along the groin, and then down-

wards from the groin into the femoral triangle—usually through the

saphenous opening—from whence they pass upwards by the side of the

femoral vessels, through the femoral canal, and accompany the iliac vessels

to the back of the abdomen. If operation is deferred until ulceration of

the glands has set in, it will usually be useless and disappointing. In

inoperable cases of cancer of the scrotum with ulcerating inguinal

glands, the friends of a patient should always be warned that haemorrhage

is likely to occur, for it is the commonest cause of death in these

cases.

Other forms of malignant tumours of the scrotum are rare, but the

following have been described : encephaloid and scirrhus carcinomas,

chondro- adeno- and melanotic sarcomas.

Elephantiasis Scroti.—This is a lymphatic affection mainly of the

skin and subcutaneous tissues, and is of the same nature as the Barbadoes

leg. It is rarely seen in Europe or North America, and is chiefly found
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in India, Arabia, China, West Indies, Syria, the delta of the Nile, and
other hot countries.

It is a chronic inflammatory disease associated with much oedema, set

up by repeated attacks of erythema, and resulting in chronic hypertrophy

of the skin and cellular tissue. This seems to be due in some cases to

obstruction of the scrotal lymphatics by the filaria sanguinis hominis. In

other cases simple inflammatory matting, or cicatricial contraction of the

lower abdominal lymphatics, or of the thoracic duct itself, may occasionally

give rise to the disease. Syphilis has been said to originate the condition

sometimes, but this is by no means certain.

Elephantiasis appears to consist primarily in an inflammatory hyper-

plasia of the cellular elements of the connective tissue, the roots of the

lymphatic vessels being specially involved. Inflammatory overgrowth of

the elements of the lymphatic glands next ensues, with obstruction to the

passage of lymph through them. Then this fluid stagnates in the lym-
phatic vessels, which sometimes dilate even to their radicles in the

cutaneous papillae, and accumulates in the interstices of the affected

tissues, adding to their bulk, and at the same time stimulating them to

overgrowth. It is only in the early stage of the disease that the dilated

condition of the lymphatics admits of ready detection. At a late period

the morbid tissues are characterised mainly by a dense accumulation of

white fibrous tissue. The lymphatic glands also after a time become the

seat of fibroid change.

In some cases of elephantiasis scroti groups of vesicles appear here and
there on the affected surface, and discharge considerable quantities of

lymph, which coagulates after its escape, and is either transparent or

milky from the presence of molecular fat.

When elephantiasis attacks the scrotum the part becomes hot, swollen,

and tender. The pain is not limited to the scrotum, but is felt along the

inner side of the thigh and at the groin. The form of the tumour is

conical, having its apex above and base below. As the constitutional

symptoms which usher in the complaint subside, the swelling decreases to

a certain point, and with the recurrence of another attack similar

symptoms return, and a corresponding accession is given to the size of the

tumour, which may at length reach to the knees. Unless the swelling be

great it usually preserves its form; the penis is concealed in its large

folds. Sometimes the raphe deviates from the middle line ; cracks are

seen from the skin being suddenly and tightly stretched. Abscesses

occasionally arise in different parts of the scrotum. It sometimes happens

that during the febrile paroxysm a clear discharge exudes from the skin of

the scrotum. This is looked upon as a favourable sign. Elephantiasis is

frequently connected with hydrocele. Sometimes mortification happens in

the skin and the subcutaneous tissue sloughs, exposing the testes. The
chief—almost the only—inconvenience is the dragging and great weight.

The scrotum attains enormous proportions, its weight amounting some-

times to more than 150 pounds.

Treatment.—In the early stages strapping with mercurial ointments,

and the use of tonics and the iodides internally may be tried, but later on

an operation should not be delayed. The operation should be performed

under the most perfect haemostatic and aseptic conditions. In very large

tumours, the testicles, and the penis occasionally have to be sacrificed.

The tumour must be emptied of blood as far as is possible by prolonged

elevation above the level of the patient's body, and means taken for

arresting haemorrhage during the operation, either by clamps, elastic
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tourniquets, ligatures, either with or without preliminary transfixion with

stout needles or skewers long enough to pass through the base of the tumour.

Ballingall successfully removed an enormous tumour weighing 106 £ pounds

by transfixing the neck of the tumour in the middle line, the knife

emerging at the perineum, and then passing through the opening a strong

double ligature, which was brought up round each side and tightened by
means of tourniquets. M'Leod advises that an elastic tourniquet about

three feet long be taken, and the centre of it passed round the loins, the ends

are brought over the brim of the pelvis, are crossed twice over opposite

sides of the neck of the tumour, and finally are brought together below the

navel. The neck of the tumour will thus be tightly embraced by two
turns of the cord on each side crossing each other on the pubes, and just in

front of the anus. No portion of diseased tissue must be left behind.

Even although the prepuce appears to be healthy, it should be taken away
close to the corona, and the raphe" of the perineum should be removed
to the verge of the anus. If any attempt is made to cover the penis or

testes with flaps, these should be taken from the skin of the abdomen or

thighs, and not from the neck of the tumour; but a satisfactory result

can be secured without resort to flaps, which are prone to slough and
suppurate.

The first step in the radical operation consists in decorticating the penis.

The prepuce is slit up, and the skin incision continued from this slit along

the whole dorsum of the organ to the root. The body of the penis is then

freed by finger and knife, the mucous membrane of the prepuce being

carefully detached at the line of its reflection. The isolation of the penis

is completed as far as its suspensory ligament, which should not be injured.

A vertical incision is now made from the pubes to the fundus of the

tumour, over one cord and testis. By successive bold strokes these are

exposed, and then dissected out by fingers and knife, and subsequently

held out of the way by an assistant. The other testis is similarly dealt

with. The three vertical incisions are then connected at their pubic

terminations by two transverse cuts, which must be beyond the limit of

diseased tissue.

A circular or oval incision is now made round the rest of the circum-

ference of the neck of the tumour, and by rapid strokes the whole mass is

removed. Vessels are now looked for and tied ; the largest will be found

in the centre of the perineum and on each side of the pubes. By gradu-

ally loosening the cord others will be observed to spurt, and as many as

30 or 40 ligatures may be required. The parts may now be trimmed
if any diseased tissue has been left behind. The testes may now be

stitched together and fastened in proper position with catgut sutures.

Pockets can easily be made for their reception by separating the deep layer

of the superficial perineal fasciae from the subjacent fat and areolar tissue.

The skin can then be drawn over them from each side to a considerable

extent by means of continuous catgut suture. The prevention of infection

in such an extensive wound is difficult. The wound heals by granulation,

and the process of repair occupies from six weeks to two months. Care

must be taken to keep the penis free, as it is apt to become embedded in the

mass of granulation tissue. The ultimate result of operation in the great

majority of cases is satisfactory. Skin is dragged by the process of

cicatrisation from the thigh to form a seamless substitute for the scrotum,

and the penis acquires a fresh covering of epidermis. The sexual functions

are restored, and both health and comfort re-established. If the skin of

the penis is quite healthy, the scrotum may be removed alone by a circular
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incision round its neck, the testes being dissected out as the incision is

deepened.

Lymph Scrotum (" Varix Lymphaticus ").—This affection appears to de-

pend upon a varicose condition of the lymphatics. The scrotum is noticed

to enlarge and become peculiarly corrugated, studded with soft tubercles,

which discharge from time to time a mixture of lymph and chylous fluids.

The urine is often simultaneously chylous, and in some cases tumefaction

of the inguinal glands has alternated with the appearance of chyle in the

urine. Fever attends these paroxysmal attacks. This condition is allied

to elephantiasis scroti, and is probably dependent on the same causes. The

treatment consists in excision.
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Anatomy of the Testis.—The testes are supported each in a separate

pouch of the scrotum by its own spermatic cord.

Each testis is closely invested by a serous sac or tunica vaginalis, which

consists of two layers—an inner or visceral closely incorporated with the

testis and epididymis ; and an outer or parietal which lines the corre-

sponding cavity of the scrotum. The testis is supplied with blood by the

spermatic artery ; the vas deferens receiving a special artery, the deferential

artery, a branch of the superior or inferior vesical arteries. The spermatic

veins commence in the testis and epididymis, form the pampiniform plexus

in the cord, enter the abdomen through the inguinal canal, and open, the

right into the inferior vena cava, and the left into the left renal vein.

The lymphatics of the testis terminate in the lumbar lymphatic glands

which encircle the large blood-vessels in front of the vertebral column.

The nerves are derived from the sympathetic system.

The testicles hang obliquely and at unequal heights in the scrotum

—

the left being the lower. They are of ovoid form, and measure 1| inches

in length, nearly 1 inch in width, and 1} inches in thickness. The weight

of each varies from f to 1 ounce. With the exception of the posterior

border, where the vessels and nerves enter or pass out, they are closely

invested by the tunica vaginalis. Attached to the posterior border of

the gland is the epididymis, principally composed of a long, tortuous

efferent canal. Its upper extremity, larger than the lower, projects

forward on the upper end of the testis, and is named the head, or globus
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major ; the lower extremity is called the tail, or globus minor ; whilst the

intervening portion is the body. The epididymis, partly surrounded by
the tunica vaginalis, is attached to the testis by fibrous tissue, and at the

globus major also by the efferent ducts of the testis. At the front of the

globus major and towards its outer side are found one or more small

pedunculated bodies—the hydatids of Morgagni. They consist of connective

tissue and blood-vessels, and are remains of the Miillerian duct.

The testis is enclosed in a dense, unyielding fibrous capsule—the

tunica albuginea—which is prolonged at its posterior border for a short

distance into the substance of the gland to form the corpus Highmori, or

mediastinum testis. The mediastinum extends from the upper nearly to

the lower end of the gland, and from its front and sides numerous slender

fibrous cords and imperfect septa of connective tissue are given off in

radiating directions to be attached to the internal surface of the tunica

albuginea at different points, thus incompletely dividing the glandular
substance into lobules. The whole inner surface of the tunica albuginea

is covered by a multitude of fine blood-vessels—branches of the spermatic

artery—tunica vasculosa. The gland substance is a mass of convoluted
seminiferous tubules, loosely connected together by a peculiar fibrous tissue

rich in lymphatic spaces. The diameter of these tubes is about 2 mm.,
their length about 60 cm., and their number between 800 and 900. Their

walls are composed of several layers of flattened cells. Amongst the
epithelial cells of the innermost layer several filaments or spermatozoa may
be observed in different stages of development. As the seminiferous tubes
approach the mediastinum testis they unite with one another at acute
angles into a smaller number of tubes which have a less flexuous course,

and at length become nearly straight. Close to the mediastinum they
taper into short, straight tubes (tubuli recti) of smaller diameter and lined

by flattened epithelium. The tubuli recti open into a network of vessels,

which lies in front of the mediastinum—rete vasculosum testis—which have
no proper walls, but are mere channels in the fibrous stroma lined by
flattened epithelium. From this network originate twelve to twenty
tubules—vasa efferentia—which perforate the tunica albuginea beneath the

globus major, and having again become convoluted—coni vasculosi—they
ultimately terminate in the convoluted canal of the epididymis.

The canal of the epididymis is disposed in numerous coils, and extends
from the globus major downwards to the globus minor, where, turning
upwards, it is continued on as the vas deferens. When unravelled it

is 20 feet or more in length, with a varying diameter of from -4 to -27

mm., and is lined in its upper part by ciliated epithelium. The vas deferens

forms the continuation onward of the epididymal canal. It ascends upon
the inner side of the epididymis along the back of the testis, and passes

upwards in the spermatic cord as far as the internal abdominal ring,

where it turns suddenly downwards and inwards into the pelvis, crossing

over the external iliac vessels, and turning round the outer side of the
epigastric artery. Eunning beneath the peritoneum it reaches the side of

the bladder, upon which it descends, curving downwards and backwards to

the under surface of that viscus, and finally passes forward to the base of

the prostate gland. In its course within the pelvis it crosses over the cord
of the obliterated hypogastric artery and lies to the inner side of the
ureter, beyond which it is attached to the coats of the bladder, in contact
with the rectum. Gradually approaching its fellow of the opposite side

upon the base of the bladder, it passes between the seminal vesicles

—

the duct from which it joins close to the base of the prostate—to form one
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of the common seminal or ejaculatory ducts. The vas deferens is about
18 inches in length, and has an average diameter of 2*5 mm. with a lumen of
•7 mm. Towards its termination beneath the bladder it becomes enlarged
and sacculated, forming the ampulla of Henle\ and resembb'ng in shape and
structure a part of the seminal vesicle. Its walls consist of an outer
areolar investment, an intermediate thick muscular layer, and a lining of
columnar epithelium—not ciliated. Erom near the commencement of the
vas or lower part of the epididymis a long narrow tube leads off, and
becoming tortuous and convoluted, is rolled up into an elongated mass among
the vessels of the cord—the vas aberrans. It is developed from the Wolffian
duct of the foetus. In front of the cord immediately above the head of the
epididymis is a small body consisting of several small angular masses
containing convoluted tubes lined with ciliated epithelium. It is some-
times called the paradidymis, and is a remnant of part of the Wolffian body.

The spermatic cord is formed by the vessels, nerves, and lymphatics of
the testis, by the excretory duct of the testis—the vas deferens—with its

vessels and nerves, and by the coverings of these structures brought down
from thejseveral layers of the abdominal wall by the descent of the testis,

with their vessels, nerves, and lymphatics. The vas deferens lies at the
posterior aspect of the cord, and is to be easily recognised by its whipcord-
like density when rolled between the thumb and finger. A considerable
amount of connective tissue surrounds the vas and the blood-vessels of the
cord. Three arteries occupy the cord : the spermatic, from the aorta, lies

in front of the vas ; the deferential, from the superior or inferior vesical,

lies by the side of the vas ; the cremasteric artery, from the deep epigastric,
lies among the superficial layers of the cord and in its outer segment.'
The veins of the cord are divided roughly into two sets. The anterior and
by far the larger set runs with the spermatic artery, is bound together by a
good deal of connective tissue, and forms the pampiniform plexus. The
posterior set is small and surrounds the vas deferens, running with the
deferential artery. A few isolated veins, independent of these sets, are
found among the tissues of the cord. The veins of the left side are larger
than those of the right. The coverings of the cord are continuous above
with the layers of the abdominal parietes and below with those of the
scrotum. They are arranged from without inwards in the following order
intercolumnar fascia derived from the external oblique muscle, cremasteric
fascia from the internal oblique, and infundibuliform fascia from the fascia
transversalis.

Development of the Testicle and its Ducts.—It is almost superfluous
to state that the testes of man are not developed in the scrotum, but in
the posterior wall of the abdominal cavity. They lie at first behind the
peritoneum, close to the kidneys, and may have a mesentery developed,
known as the mesorchium.

To understand aright the vestigial structures associated with the
development of the testicle, it must be borne in mind, in accordance with
the law, that in development we have repeated the steps of evolution.
The appearance of the kidney of human anatomy—the metanephros is

preceded by that of two other excretory organs— the pronephros and
mesonephros—now only functional in fishesand amphibians. The pronephros,
the most primitive of the three, is situated in the cervical region of the
embryo. It consists of transversely running tubules opening at one end
into the coeloin, and at the other into a longitudinal duct closed anteriorly,
but which opens into the cloaca posteriorly, and is known as the Wolffian
duct. The pronephros is believed entirely to disappear, the adjacent part
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of the Wolffian duct being accountable for the " stalked hydatid." The
mesonephros, which appears as the pronephros passes away, is situated in

the dorsal and lumbar regions, and consists of transversely running tubules

opening at one end into the Wolffian duct, and having glomeruli developed

at the other. The tubules may be conveniently divided into superior,

middle, and inferior sets.

The superior tubules—as the ccelomic epithelium covering the inner side

of the mesonephros becomes thickened and developed into the genital

gland—acquire an attachment to the latter, and, losing their erstwhile

urinary function, form the vasa efferentia and coni vasculosi of human
anatomy. The middle tubules, retaining their connection with the Wolffian

duct, which has now become the canal of the epididymis and the vas

deferens, form the vasa aberrantia. The inferior tubules, losing their con-

nection with the Wolffian duct, form the paradidymis or organ of Giraldes.

The other structures requiring mention are the Mullerian ducts, which
are longitudinal ducts developed later than the Wolffian ducts, and ventral

to them in position. Anteriorly these ducts open separately into the

ccelom
;

posteriorly they unite and open into the cloaca ; from their

anterior extremities we have formed the " sessile hydatid," from the posterior

the sinus pocularis ; the intermediate portion disappears.

Descent of the Testis.—The passage of the testis from the abdominal
cavity to the scrotum takes place at about the end of the eighth month of

intra-uterine life. The gubernaculum testis is the active agent in bringing

about the descent of the testis. This is a band of involuntary muscle
fibres which traverses the inguinal canal, and establishes important con-

nections both within and without the abdominal cavity. Below these

main attachments of the gubernaculum may be recognised, viz. : (a) to the

abdominal wall
;

(b) to the pubes
;

(c) to the bottom of the scrotum.

Above the gubernacular fibres are chiefly connected with the testis ; but
many of them are also attached to the peritoneum in the posterior wall of

the abdomen. By the traction which the gubernaculum exerts on the

testicle the descent of that organ is brought about. By the portion attached

to the abdominal wall the testicle is pulled down to the internal abdominal
ring, the pubic portion drags it through the inguinal canal, whilst the

central part finally leads it into the scrotum.

The formation of the processus vaginalis is accounted for in the same
way. Some of these gubernacular fibres which are inserted into the

peritoneum drag down the peritoneal diverticulum which lines the inguinal

canal and scrotum, and prepares the way for the testicle. The processus

vaginalis normally closes first at its upper end, then at its lower, and finally

in the intervening portion.

Abnormalities of the Testicles.—Either the testicle as a whole,

including the epididymis, and more or less of the vas deferens, may be

absent ; or the testicle proper may be absent, the epididymis and the rest

of the parts being present ; or the epididymis and the vas may be absent,

and the testicle proper may be present.

Supernumerary Testicles.—No well-authenticated example of a super-

numerary testicle (polyorchism) is on record, but a few cases of absence of

one (monorchism) or of both testicles (anorchism) have been reported.

Malposition of the Testicle.—One or both testes may be absent from
the scrotum at birth, but may descend during the first few weeks or months
of life, or even as late as the period of puberty. Late descent is usually

accompanied by hernia. Malposition may be considered under the heads

of incomplete descent or retention, and abnormal descent or ectopia.
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Retention of Testis.—The testis may be retained in the following situa-

tions : on the posterior wall of the abdomen in relation with the kidney, in

the cavity of the abdomen, partly within the internal ring, in the inguinal

canal, or just outside the external ring. It is interesting to note that

although the testis may be retained in the inguinal canal the tunica

vaginalis reaches to a lower level, often as far as the bottom of the scrotum.

An incompletely descended testis is always small and undeveloped,
usually atrophied and the seat of fibrous and fatty degeneration. Sperma-
tozoa are almost always absent from such testes, their ducts, and the corre-

sponding seminal vesicle. Curling held that all incompletely descended testes

were sterile ; and, while this is true of the vast majority, there are a few well-

authenticated cases of fertile cryptorchids now on record who had all the
signs of virility and were capable of sexual intercourse.

The diagnosis of retained testis is made by the absence of the testis

from the scrotum, and the presence of the peculiarly sensitive swelling in

the groin or elsewhere. The diagnosis is sometimes complicated by the
co-existence of hernia.

The treatment depends on the age of the patient, the position of the

organ, and the presence of complications. A young child with a com-
paratively well-formed testis lying just outside the external ring, or which
may be easily pushed there out of the inguinal canal, may be fitted with a

truss, furnished with a horseshoe-shaped ivory pad, applied above the level

of the testis, and exercising a gentle pressure downwards and inwards
towards the scrotum. This has usually to be worn for several years before

descent is complete. If the testis cannot be brought out through the
external ring it may either be left alone or castration may be recommended.
If a hernia is associated, operation is indicated for the purpose of curing
the hernia, and of removing the testis in the majority of cases. I have
operated on many such, and have in nearly every instance found it necessary

to sacrifice the testicle.

Ectopia Testis.—The testis is met with in three abnormal positions.

The rarest of all (peno-pubic) is where the testis is situated in front of the
pubes at the root of the penis. In the most common, the organ having left

the peritoneal cavity traverses the inguinal canal, and then, instead of going
on into the scrotum, travels into the perineum (ectopia perinealis). In the

third form the testis leave the peritoneal cavity by the femoral ring, and
remains by the saphenous opening (ectopia femoralis). In the perineal

form the gland may lie in the fold between the scrotum and the thigh, or

more particularly in front and to the side of the anus, usually to the left

side. It lies beneath the superficial fascia, and is surrounded by its tunica
vaginalis. A testis so misplaced will be exposed to injury, and calls,

therefore, for treatment during the second year of life. If the scrotum is

developed on the same side it is usually not difficult to replace the testicle

within it. An incision is made over the testis and, enveloped in its tunica
vaginalis, it is freed from its surrounding attachments, the spermatic cord
being carefully preserved and dissected free up to the external ring. A
second opening is made in the bottom of the scrotum, and a pair of sinus

forceps thrust upwards therefrom and made to emerge through the former
opening ; their blades are now widely separated so as to make a space in

the scrotum for the reception of the testicle, which is then caught at its

lower end by the forceps and pulled into its new home, where it is anchored
by one or two catgut sutures to the edges of the scrotal incision. The
scrotum may with advantage finally be fixed with a temporary suture to

the skin of the thigh. In suturing the perineal wound it is well to arrange
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the sutures so as to at once close the track along which the testis has been

drawn. I have twice operated successfully in this manner. If the scrotum

is undeveloped, or the patient over puberty, castration is to be advised. In

the femoral form the testicle cannot be transferred to the scrotum, because

the spermatic cord traverses the femoral canal, and it is better, therefore, to

remove it altogether.

Misplaced testes are liable to the ordinary testicular affections, and
owing to their positions are under such circumstances much more serious

sources of danger. Inflammation of such an organ may extend to the

peritoneum and prove fatal. Abnormal position of the testis undoubtedly

predisposes it to malignant disease, and should always be kept in mind
where such abnormality is known to exist. In case of even suspected

enlargement, therefore, immediate removal is at once called for.

Strangulated hernia in the sac of a testis retained anywhere in the

inguinal canal is among the most serious of the hernial conditions. It may
occur at any age, its symptoms are always acute, strangulation is severe,

and early operation called for ; the anatomical arrangements of the parts is

often puzzling, and the satisfactory completion of the operation by radical

cure of the hernia and removal of the testis if necessary is not always

easy. It usually happens in these cases that instead of the hernia

passing down into the scrotum, it turns upwards on emerging from the

external abdominal ring, ascending upon the aponeurosis of the external

oblique muscle, appearing in the groin as a superficial tumour reaching out-

wards from the external abdominal ring towards the anterior superior

iliac spine.

Misplaced testis may be complicated with any of the varieties of hydrocele,

and may be relieved by puncture or cured by removal or castration.

Abnormal Position of the Testis in the Scrotum.—The testicle is

occasionally anteverted, i.e. the posterior and attached border becomes

anterior, so that if a hydrocele occurs the testis is situated in front, and
the tunica vaginalis behind and below. The testis is also sometimes, though

very rarely, inverted, i.e. its upper end is below, so that the vas deferens

starts from an epididymis, the tail of which is above the testis.

Hypertrophy and Atrophy of the Testicle.—Hypertrophy may occur

when the other testis has become atrophied, or has failed to be developed, or

after removal of the opposite testicle. In some cases in which one testis

has been retained within the abdomen, or has been absent altogether, the

other testicle has been more than double the normal size and weight.

Atrophy of the testicle may be congenital, or may be due to arrested

development ; it occurs also from the prolonged administration of the

iodides. It is usually seen, however, in one of two forms—the results of

different vital processes: (1) In those cases which are due to inflammation,

whether traumatic, syphilitic, or otherwise, there is a marked shrinking and
sclerosis of the testis ; all the connective tissue of the gland is increased and
shrunken, and by its compressing effects the secreting structure is destroyed.

The gland shrivels to the size of a horse-bean, or even less, is hard and
nodular, and on section shows nothing but bands of connective tissue, with

here and there a few scattered seminal tubules. (2) The other form of

atrophy is much rarer, and results from the cutting off of the arterial

supply, or from nerve lesions, and not from inflammation. It is of the

nature of a fatty degeneration of the glandular structure unaccompanied

by any sclerosis of the connective tissue. The testicle in this form of

atrophy becomes much reduced in size, but is soft and flabby instead of

being hard and nodular. A section of the gland is ansemic, and fatty
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tissue may also be found beneath the visceral tunica vaginalis between the

epididymis and back of the testis. The atrophy associated with varicocele,

hydrocele, or due to truss pressure, is of this kind. In both forms the

epididymis shares in the atrophy. Arrest of development is to be dis-

tinguished from atrophy of a once well-formed organ. This arrest is

commonly found in undescended and ectopic testes. The common sequelae

of atrophy of the testis are neuralgic pains and sterility. Treatment

of atrophy can only be preventive ; the cause should be removed when
possible.

Injuries of the Testicle.—With the exception of contusion, trau-

matic lesions of the testis are rare, owing to its firmness and its slipperiness

in its scrotal bed.

Punctured Wounds.—These are almost always of surgical origin, their

most frequent cause being puncture with a trocar and cannula in tapping

for hydrocele. A very acute pain is felt, in some cases inducing syncope,

and the escape of a little blood through the cannula as soon as the trocar is

withdrawn, and then of blood-stained hydrocele fluid as soon as the end of

the cannula is withdrawn from the tunica albuginea, and has come back into

the vaginal sac, are the indications of this accident. The consequences of

such an accident are orchitis and hematocele. Suppuration and gangrene

have followed, but they are rather the result of infected instruments, and

are sometimes seen without the testicle being wounded.
Incised Wounds.—These are rare, and if superficial heal quite readily, but

if the wound deeply involves any considerable length of the organ, it may
subsequently atrophy, as all the tubular structures on the distal side of the

wound become functionally useless, and the contraction of the cicatricial

material unduly compresses the gland. Hernia of healthy testis tissue is

said not to occur after clean cut wounds.
Contused Wounds.—These are the most frequent of the traumatic

lesions of the testicle. They are caused by blows, falls astride, kicks,

squeezes, and other forms of violent pressure.

Symptoms.—The pain of such injuries is acute and unsupportable, and

is often severe enough to produce syncope. It radiates to the thigh and

extends along the cord, often to the loin. Death from shock even may be

the result of contused wound of the testicle, occurring sometimes instan-

taneously, but more often perhaps after the lapse of several hours.

Prognosis.—The immediate result of such injuries as a rule is good ;
but

subsequently permanent atrophy often occurs. Chronic orchitis is occasion-

ally seen, and encysted hydroceles of the epididymis and of the testicle

itself may be met with at a later period. The diagnosis of these several

injuries is simple enough, and their treatment is conducted on the ordinary

lines of surgical practice.

Dislocation of the testis, as distinguished from congenital displacement,

is in rare instances produced by traumatic or other injury, the organ being

forced from its proper site into the perineum, the femoral, or the inguinal

regions.

In traumatic displacement immediate reduction must be effected, by

manipulation if possible, and this failing an open operation must be made.

If reduction cannot be accomplished castration is probably the best pro-

cedure to adopt.

Torsion, or Axial Kotation of the Spermatic Cord.—This is a remark-

able accident, in which the testis becomes strangulated owing to twisting of

the spermatic cord and consequent chokage of the spermatic blood-vessels. It

may occur in a testis lying normally in the scrotum, but is more often seen
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in an undescended or partially descended organ. It is met with at all ages,

but is most common in young adults, and can only occur when the testicle is

freely suspended in the tunica vaginalis. The spermatic cord becomes twisted

upon its axis, usually in a kevo-rotatory direction and gorged with blood.

The testis or epididymis, or both, may be acutely inflamed or even gangrenous,

and atrophy may follow. The symptoms are like those of strangulated

hernia or inflammation of the testis and epididymis, for either of which the

condition has usually been mistaken : a painful swelling suddenly appears

in the groin or scrotum, dull on percussion, tense, tender, irreducible, and
without impulse. Pyrexia is usually present, and sickness is a constant

symptom.
Morris says a diagnosis can be made by (1) the empty condition of the

inguinal canal
; (2) the unobscured cord

; (3) the imperfectly descended

testis
; (4) the absence of the testis on one side of the scrotum

; (5) by the

epididymis being in front of the testis ; and (6) by the existence of a lump
or knot on the cord with swelling between the knot and the testis, and the

natural state of the vas deferens above the knot.

Treatment.—The only effective treatment is by early operation ; the

cord being untwisted if the testis appears to be in a recoverable condition.

A retained testis, or one which is much swollen and discoloured, is best

removed.

Hematocele in the Scrotum.—This consists in an effusion of blood into

a pre-existing cavity, either the cavity of the tunica vaginalis or into a cyst

of the cord. By far the larger number are into the tunica. Extravasation

of blood into the connective tissue of the spermatic cord or scrotum, or

into the substance of the testis, are simple hematomas, and differ in no
way from similar effusions in other parts of the body.

Hematocele of the Tunica vaginalis.—Spontaneous hemorrhages into the

tunica vaginalis are occasionally seen, but as a rule such effusions are

traumatic, and are the result of contusions or of punctured wounds. They
most often occur after tapping a hydrocele, and may be occasioned by the

puncture of a vessel in the scrotal wall, the epididymis, or the testicle. The
nature of the accident may sometimes be recognised by the escape of blood,

which takes place from the cannula in the withdrawal of the trocar ; but
more often no outward symptom is noticed at the time, the side of the

scrotum which corresponded to the hydrocele being found to become larger

within an interval which may range from hours to days according to the rate

at which the blood escapes. Bleeding may occasionally follow from
weakened and varicose vessels of the tunica vaginalis in the withdrawal of

the fluid which had given these weakened vessels support. Vaginal
hematocele is occasionally seen where no hydrocele has been present.

Pathological changes in hematoceles vary with the age of the effusion.

In old cases the sac is greatly thickened, partly by layers of fibrinous mem-
brane or connective tissue, and partly by sclerosis of its own structure.

Both the false membrane and the closed sac may be in places cartilaginous

or calcareous. The tissues outside the sac are thickened ; and the testis

usually healthy, sometimes atrophied and occasionally scarcely recognisable,

lies usually at the posterior and lower part of the liEematocele. The contents

of an old hematocele are chiefly solid, and consist either of dirty brown
coloured clot, laminated as in an aneurysm, or of soft clot devoid of lamina-

tion. The fluid blood, if any is present, will be thick, dark, and treacly.

In more recent cases cholesterine may be found, the sac is much less changed,

and the fibrinous lamina? are but feebly adherent ; the contents are a mixture
of deep red fluid blood and dark blood-clot partly adherent to the walls.
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Symptoms.—The formation of a globular or pyriform heavy, opaque

swelling in the scrotum, either rapidly or insidiously, after a contusion or

puncture, with much ecchymosis of the skin and an absence of acute iniiani-

matory signs, is easy to understand. The tumour is elastic or doughy, not

very tender on handling; pain is dull and aching. Testicular sensation

is at first unaffected and may be found behind the tumour. Acute
hematoceles have to be diagnosed from hernia, hydrocele, and orchitis ; and
old hematoceles from malignant growths. As a rule the diagnosis can be

made, but when doubt is felt the tumour should be dealt with in the first

instance by aseptic exploration and then treated according to the condition

present.

Treatment.—Treatment may be either palliative or curative. Palliative

is applicable in the early stage, and consists of horizontal rest, with the

scrotum well raised on a cushion, or in a sling ; the constant application of

an ice-bag in the robust, and of evaporating lotions in the old or feeble. If

little or no progress in absorption is made within one or two weeks, some

of the fluid may be withdrawn through a cannula ; and repeated if

necessary. When pain and marked tenderness are absent, strapping may
be applied with advantage. For radical relief the best treatment is free

incision into the sac, and after turning out the contents the parietal layer

of the tunica vaginalis and any adherent false membrane should be removed

as far as possible. A suppurating hematocele must be treated by free

incision, thorough clearing out and gauze drainage. Castration should be

performed when the testis is useless ; when the tunica vaginalis is thickened

or hardened by disease ; when the patient is old and feeble ; when much
blood is also diffused among the tissues of the scrotum, or when sloughing

is threatened. Castration shortens convalescence and diminishes the risk

of hemorrhage, of cellulitis, and of septicemia.

Hematocele of the Cord is rare, and consists in an effusion into

an unobliterated part of the funicular process. A history of injury would

give the clue to the nature of a rapidly forming, opaque, circumscribed,

tense, mobile swelling in the inguinal canal of a non-inflammatory origin.

Should operative treatment be called for a careful aseptic enucleation of the

tumour must be performed.

Hematoma into the substance of the testis is sometimes described as

" hematocele of the testicle." Its treatment is that of hematoma else-

where.

Hematoma of the Cord.—Hematoma of the cord is but rarely seen.

It is due to the rupture of one of its vessels as a result of injury or strain. A
swelling of considerable size rapidly forms, extending along the cord from

the inguinal region to the scrotum, the testis remains free and unimplicated.

Such a condition is very likely to be mistaken for an omental hernia, but

on careful examination the tumour will be felt to be more uniform in

consistency, more rounded in outline, and even semi -fluctuating. It is

always irreducible. The history of injury will give a clue to correct

diagnosis.

Treatment in the early stage consists in the application of elastic

pressure or evaporating lotions, and later on, if the effusion is not absorbed,

it may be relieved by aseptic tapping if the contents are fluid, or if

threatening to inflame, the cavity must be laid open and the coagulum

removed.

Varicocele.—This affection consists of a varicose enlargement of the

veins of the pampiniform plexus and lower part of the cord. Including

the mild degrees of the disorder it is one of the commonest affections of the
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male genitals. In severe cases of varicocele all the veins of the cord may-
be involved.

The veins of the pampiniform plexus are dilated, tortuous, much
increased in size and in number, owing to dilatation of many smaller vessels

forming flexuous curves and loops. The elasticity and contractility of

the coats of the veins are diminished in advanced cases, and the coats are
also somewhat thickened. Thrombosis and phlebolithes are frequently
present. The degree of enlargement varies much, and may occasionally be
so great as to fill the scrotum and conceal the gland. It rarely extends as

far as the inguinal canal. The testis is, as a rule, both well developed and
functionally perfect, but in a small number of old-standing cases it may
become atrophied to some extent and even occasionally functionless.

Varicocele is to a great extent due to the following anatomical factors : the
size and winding course of the spermatic veins ; their numerous anastomoses

;

the loose, inelastic tissue in which they lie ; their passage through the
oblique inguinal canal ; and the length and comparatively small size of their

efferent trunks. The left side is more often affected than the right because
of the lower position of the left testicle ; the point of entrance of its vein
into the left renal veins is at a higher level than that of the right into the
vena cava ; the left enters the renal at a right angle, and the right enters

the cava obliquely ; the left passes beneath the sigmoid flexure. Varicocele
is more apt to develop in the weak and flabby than the strong and robust.

It usually commences between the fifteenth and twenty - fifth year,

developing for about twelve months, and tending to disappear after

marriage and as men grow older. Apart from or perhaps in connection
with the above-mentioned anatomical causes varicocele may be caused by
constipation, sedentary habits, masturbation, ungratified sexual passion,

tight belts about the abdomen, and the pressure of trusses.

Symptoms.—The testicle is usually normal, though it may be smaller

;

the scrotum is more or less relaxed, and occasionally varicose veins are

seen on its surface ; the veins swell up and form a distinct swelling
thicker below than above, feeling like a bag of worms, and disappearing
in the recumbent position. The blue colour is often visible through
the thin skin. There is usually an impulse on coughing. The pressure
of a finger on the external abdominal ring increases fulness and distension.

As a rule varicoceles are painless ; but in weak, neurotic men aching is

complained of in testis, cord, groin, and loins, and also a sense of weight
and dragging. Severe spasmodic pain is sometimes felt. In some cases

varicocele gives rise to severe mental despondency and a dread of impaired
virility. Long standing, riding, and walking, or sudden exertion aggravate
the swelling, and greater discomfort is therefore often felt towards
evening.

Treatment.—Treatment may be either palliative or operative. Pallia-

tive treatment will suffice for the relief of a large majority of cases, and
" must be directed to the patient's mind as well as to his body." The surgeon
must assure his patient that there is no risk of impairment of virility, and
that no operation is required. Occupation for the mind and body should
be found, attention paid to general health, constipation avoided, cold or

chilled morning baths should be taken, with local bathing of the genitals

night and morning in cold water. A well -fitting suspensory bandage
should be worn regularly, and such patients should be allowed to marry.

In certain cases, however, operation is justifiable ; they are as follows :

—

steady increase in size in spite of treatment, and when accompanied by
distress and pain ; exclusion from one of the public services ; increasing
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atrophy of the testis, and where frequent seminal emissions are giving rise

to much mental distress.

Many operations for the radical cure of varicocele have been devised.

The older methods by gradual obliteration, etc., and the various sub-
cutaneous procedures, have been quite superseded by the safer, simpler, and
more certain methods of excision. One of two operations is generally
performed at the present time, which differ from each other only in the
extent to which the structures of the cord are removed ; in one the varicose

veins alone being taken away, and in the other the whole thickness of the
cord, except the vas and its attendant artery and veins, is removed,
and the cord thereby permanently shortened.

The operation of excision is performed in the following manner :—The
hair having been previously shaved from the parts and the skin made
clean, the surgeon stands on the side to be operated on, and pinches up the
cord at the uppermost part of the scrotum between his left thumb and fore-

finger in such manner as to stretch tightly the overlying skin. A longi-

tudinal incision, half to three-quarters of an inch long, is made through the
tense skin, and is deepened gradually until a little pellet of fat or a loop of

varicose vein pushes itself into the wound. No further cutting is required,

as nearly the whole length of the cord can be pulled out in the form of a
loop through this small opening ; its several parts may be easily recognised
and may be dealt with as required. If simple excision of the varicocele is

to be performed, the veins are separately isolated, tied below and above
with catgut ligature, and the intervening portions cut away ; one or several

vessels may be dealt with, and any length of them may be removed.
Instead of taking away the veins only, the whole thickness of the
cord—except the vas and its vessels, which can be both felt and seen
posteriorly—may be isolated, tied first below, an inch or more above the
testicle, and then above, at the highest level to which the cord can be pulled
downwards, and all the intervening part—from two to five or six inches
—cut across and removed. The end of each of the ligatures may be
left long, that they may be tied together, so as to bring the divided
ends of the cord into close proximity with each other, thus shortening
the cord and raising the testis from its pendulous position nearer to its

proper level. It is seldom any bleeding vessels have to be tied. The
approximated ends of the cord are gently pushed back through the scrotal

wound, which is closed with a single silk or horsehair suture. No drainage
is required ; the parts are dressed with dry aseptie wool, and are supported
with a triangular bandage.

The patient should lie in bed for two weeks, and should wear a suspen-
sory bandage afterwards for two or three months.

The operation is occasionally followed by some oedema of the scrotum, a
little engorgement of the testis, and a moderate effusion into the tunica
vaginalis ; but true orchitis is rarely seen. Some thickening and tenderness
is often left at the site of operation which is slow to disappear.

Bennett insists on the importance of not only excising the dilated veins,

but of effecting at the same time the immediate permanent shortening of
the elongated cord, by leaving the sheath of fascia which immediately
surrounds the varicocele intact, and including it with the veins in the
ligatures, the precise extent of a varicocele which it is desirable to exsect
being determined by the amount of elongation of the cord.

In the large majority of cases removal of the pampiniform plexus alone
results in complete and permanent cure, and Bennett's operation, therefore,
may well be preserved for the more severe cases.
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Epididymitis is the term applied to inflammation of the epididymis,

and may be acute, subacute, or chronic.

Acute and Subacute Ejyididymitis.—Acute or subacute epididymitis is

almost always excited by some affection of the membranous or prostatic

urethra, such as gonorrhceal, gouty, or other forms of urethritis, the passage

of urethral instruments, impacted urethral calculi, urethral injections, and
urethral or meatal strictures ; by inflammatory and ulcerative conditions of

the prostate and seminal vesicles, and by prostatic calculi. Injury rarely

causes this affection ; the inflammation is probably the result of direct

extension of a pre-existing inflammatory process, and is neither due to

metastasis, sympathy, nor reflex congestion. The globus minor is the part

chiefly first affected. The thickening of the globus minor is due to in-

flammatory exudation immediately beneath the tunica vaginalis into the

cellular tissue between the convolutions of the duct. The tubes of the

epididymis are in places dilated into small pouches filled with pus. The
tunica vaginalis covering the epididymis is always somewhat inflamed.

Microscopically the interlobular tissue is the seat of round-cell infiltra-

tion. The blood-vessels are distended, and the lumen of the tubules is

filled with desquamated cells, exudate, and leucocytes.

Symptoms.—Signs of inflammation affecting one side of the scrotum of

a patient in whom any of the above causes are found to be present suggest

at once the nature of the malady. Aching along the course of the cord

and thickening of that structure are usually present. The shape of the

swollen epididymis is characteristic—beginning below in the globus minor
it rapidly increases until it forms a large crescentic cup -shaped mass
behind and to the outer side of the testicle ; later effusion occurs into the

tunica vaginalis and obscures the characteristic swelling, and the testis

may become involved by extension of the inflammation through the hilum.

The scrotum is more or less red and cedematous. Eigors may usher in the

attack, and the general phenomena of fever are present. In acute cases the

symptoms increase for four or five clays, and remain at their height for two
or three days more, when they rapidly decrease, and the patient convalesces

two or three weeks afterwards. Some hardening of the globus minor
may remain for months, or even become completely organised, and when
this affection is bilateral, permanent sterility may follow. When epidi-

dymitis occurs in the course of urethritis, the urethral discharge generally

ceases or diminishes during the acute stage of inflammation, and returns

again when this has subsided. Though both sides may be affected, they are

never affected simultaneously.

With few exceptions acute epididymitis terminates in resolution. A
small hard thickening in the globus minor may persist for a long time.

Suppuration is rarely met with. Sloughing has been seen, and in very

rare cases a local or general peritonitis has been set up.

Treatment.—The treatment consists in keeping the patient in bed,

with the scrotum supported on a small pillow, and an ice-bag constantly

applied. Lotions of spirit, lead, and opium are serviceable, and glycerine

of belladonna often gives great relief. The bowels must be cleared with
calomel, and a simple saline mixture, containing one-twelfth of a grain

of tartarated antimony, given if the inflammation runs high. Where
pain continues under the application of local cold, warm fomentations

—

medicated or otherwise—may be substituted, and morphia suppositories may
be employed. In strong individuals the application to the scrotum of eight

or ten leeches is often followed by striking relief. The diet should be light

and non-alcoholic. After the acuteness of the inflammation has subsided
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the organ remains large and somewhat tender, and should be carefully

supported and gently compressed by a triangular bandage over several

layers of absorbent wool. At the end of a fortnight, if all pain and tender-

ness have passed away, the testicle should be lightly strapped and the

patient allowed up, the scrotum being supported in a well-fitting suspensory
bandage or Baer's triangle.

Chronic epididymitis is usually tuberculous, and in rare cases syphilitic.

It is treated under tuberculous and syphilitic diseases of the testicle.

Localised chronic gouty nodules are seen occasionally in the epididymis,

which may persist for months or years.

Inflammation of the Testicle (Orchitis).—Inflammation of the sub-

stance of the testicle itself is met with in the acute, subacute, and chronic

varieties, and must not be confounded with the more common inflamma-
tion of the epididymis (epididymitis), to which it may be primary or

secondary, and with which it often coexists.

Acute and Subacute Orchitis.—Acute inflammation of the testis is

comparatively rare, owing to the presence of the firm, dense, unyielding

tunica albuginea and the free mobility of the testicle itself.

It may be due to the following causes :—Injury, contusion or wound,
cold, extreme and prolonged ungratified sexual excitement, mumps, gout,

rheumatism, and certain specific febrile disorders, as influenza, small-pox,

typhoid, scarlet fever, malaria, septicemia, and pyaemia. It occurs also in

leprosy and glanders.

Little is known from actual investigation of the pathology of acute

orchitis, as the malady is not fatal in itself, and the surgical removal of the

inflamed organ is not called for.

Acute and subacute orchitis may terminate by resolution, commonest
of all ; by suppuration, which is rare ; by gangrene of the testis, which is

still rarer ; and by atrophy, which is not at all uncommon ; or it may
become chronic.

In every case of acute orchitis it is judicious to warn the patient or his

friends that atrophy may follow, and may be permanent.
Symptoms of Acute and Subacute Orchitis.—Acute orchitis has to be

distinguished from acute epididymitis, and the recognition is not difficult.

The absence of pre-existing urethral trouble is suggestive. The shape
of the swelling—if seen early—is smaller, rounder, and ovoid, as contrasted

with the larger acorn cup-shape of an inflamed epididymis. The rapid

onset, the previous history, and associated signs and symptoms elsewhere,

make the diagnosis plain.

Gouty orchitis commonly affects men over fifty who are subjects of

gouty arthritis, or other gouty lesions, and is commonly attended with
the formation of a considerable amount of fluid in the cavity of the tunica

vaginalis ; it is very prone to relapse, and is often, therefore, very tedious

;

it occurs in sudden seizures, and is sometimes transferred by metastasis

from one testis to the other. It occasionally suppurates, and may extend
to the epididymis.

Rheumatic orchitis appears chiefly to be an affection of the tunica

albuginea. It comes on suddenly, with much tenderness and little tume-
faction ; often shifting from one testis to the other, and disappearing

almost as suddenly as it comes on.

Mumps orchitis occurs in about 15 per cent of all cases of mumps in

males, and is therefore by no means uncommon. It is usually met with at

the period of puberty, and begins about the fifth or sixth day in one or

both testicles. It reaches its height in four or five days, is extremely
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painful, and rarely suppurates. It usually resolves, sometimes becomes
chronic, but often ends in rapid and complete atrophy, especially in cases

which occur in epidemics.

Typhoid orchitis rarely, if ever, affects the epididymis, unless the

inflammation is set going by catheterism, and then the epididymis alone

may be attacked. The testis only is implicated. The onset is commonly
gradual, but may be sudden ; it occurs during the height of the fever, or

during convalescence later on. The pain is not so great as in other forms

of orchitis. The inflammation is not generally severe; the attack lasts

from six to ten days; it usually ends in resolution, but suppuration,

atrophy, or persistent induration occasionally follows.

Malarial orchitis follows or accompanies the fever, but generally at a

late period of the disease, and yields readily to quinine. It comes suddenly,

lasts two or three days, during which the testicle swells to three or four

times its natural size, being blended with the epididymis in a hard, smooth
mass. The scrotal veins swell, the skin is cedematous, and there is gener-

ally a little fluid poured out into the tunica vaginalis. Pain is severe, and
may be paroxysmal, and passes off when the temperature falls. The
swelling may take three or four weeks to disappear, and the testis may be

left atrophied, and the epididymis enlarged and hard.

Treatment of Acute and Subacute Orchitis.—Treatment will vary some-

what with the cause of the inflammation. Ice locally, or iced lotions, are

spoken highly of by Jacobson. Leeches, followed by warm belladonna or

opium lotions, have been useful in my practice. Needle puncture of the

inflamed gland has been strongly advised by Smith and Macnamara.
Glycerine of belladonna often gives relief. Eest in bed, with the scrotum
supported on a high pillow or in a " sling," is essential. Calomel purges

and saline draughts, with small doses of tartrate of antimony, sometimes

act like specifics. Constitutional conditions must be treated according

to their nature. After a few days, when the painful symptoms have
subsided, light strapping of the testis will shorten convalescence.

Chronic Orchitis.—Chronic inflammation of the testicle is usually of

syphilitic origin. It occurs occasionally as an affection secondary to

tubercular epididymitis, and sometimes follows an acute orchitis from
injury. From its frequent association with syphilis, chronic orchitis may
be considered under the heading of syphilitic affections of the testicle.

Infantile Orchitis.—Inflammation of the testicle may be met with in

infants and young children. A subacute form occurs in children of a few

months old, the testis being found somewhat enlarged and hard. It is

probably the result of slight injury, and passes away under simple

protective measures.

Syphilitic Affections of the Testicle.—Syphilitic Sarcocele.—The
affections of the testis due to syphilis are acquired or congenital :

—

Acquired.— Orchitis and epididymitis in secondary syphilis
;
gumma-

tous and interstitial orchitis in tertiary syphilis.

Acquired Affections in Secondary Syphilis.—Although a matter of rare

occurrence, there is no doubt that occasionally during the progress of

serious secondary syphilitic symptoms the testicle becomes affected with a

subacute form of inflammation. I have seen this form of orchitis several

times. In the fifth or sixth month after the primary sore the testis

becomes larger, hard, and tender, its surface irregular and " knobby," the

knobs varying in size from a pea to a hazel-nut ; the tenderness is not

excessive, and little pain is complained of. The organ slowly increases

in size for four or five weeks, and then gradually subsides, leaving the
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gland apparently in its normal state again. This condition is distinct

from the more frequently seen syphilitic epididymitis, which comes on
early in the secondary stage, is preceded by urethral discharge, and consists

of a localised nodular mass in the globus major—the body of the testis

remaining quite unaffected—and which also disappears entirely under the

influence of mercury.

Gummatous Orchitis.—This, the more common form, may coexist

with the above, or may appear at a later stage. It commences in a localised

proliferation of the corpuscular elements of the intertubular connective

tissue, which is quickly followed by fatty degeneration. The gummata
are usually multiple, and in size varying from a pea to a walnut. They
appear as somewhat elastic and yellowish white or grey knobs, are firm to

the touch, owing to the intermingling of fibrous tissue with the fatty

debris of which they consist, and are dry, owing to their slight vascularity.

As in other visceral gummata, those of the testicle are surrounded at first

by a vascular area, which later on is converted into a whitish fibrous

capsule. Within this are the usual broken down cell products, intimately

mixed with incompletely fibrillated tissue, the central portion being com-
posed almost entirely of fatty granular debris.

Gumma of the testis rarely suppurates, but in the majority of cases

the morbid product is in part absorbed and in part becomes contracted.

Destruction of the secretory portion of the gland is rarely avoided, and
with it, and in proportion to its extent, occurs a diminution in the

amount of semen secreted, or even total aspermia, or a decrease of sexual

desire and impotence. At the end of many months the testicle is found
diminished in size ; its general shape may be preserved, the surface

remaining smooth, or else we find depressions alternating with elevations.

At times the organ is reduced to a shapeless nodular rudiment of a

testicle.

Occasionally the gummatous infiltration forms a tumour of considerable

size, and foci of softening are found in it ; when this occurs all the coverings

of the testis are generally also involved. 'Should these become perforated,

the gumma will grow exuberantly fungus-like towards the surface, as a

soft granular mass.

Diffuse interstitial Orchitis.—This is simply a chronic interstitial in-

flammation of the intertubular connective tissue. The swelling originates

with the appearance in the intertubular connective tissue of crowds of

nuclei-like bodies or " indifferent cells." This early stage is followed by an
overgrowth of young connective tissue, which gradually becomes more and
more fibrous. When the whole testis is affected, owing to the lobular

segmentation which is normal to the organ, the masses of fibrous tissue

take a somewhat conical form, the base of each cone lying against the

usually thickened tunica albuginea, while its apex is directed towards the

mediastinum testis. By the pressure and contraction of the overgrowth of

connective tissue the seminal tubes become separated from each other.

Their walls are at first thickened, then their epithelium wastes, becomes
fatty, and is detached. Occasionally, by the unequally distributed contrac-

tion of the new-formed connective tissue, some of the tubes are dilated

into irregular gaping lacunae-like spaces. Nothing is ultimately left of

the testis save a hard resistant mass of fibrous tissue, with here and there

fatty debris pointing to the relics of the seminal tubes. The epididymis

and sac usually remain intact. The tunica vaginalis is also affected. At
first more or less fluid occupies its sac, but later on this becomes absorbed,

as the two serous surfaces, thickened and altered, begin to adhere at
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several spots until the whole cavity may be obliterated. The tunica

albuginea, too, is also much thickened.

Congenital Syphilitic Disease of the Testicle.—This form of orchitis is

usually of the interstitial variety, sometimes associated with gummata
; but

the pure gummatous form is rare. Both organs are often simultaneously

attacked. The gland is hard and nodular, is not painful or tender, or

large. It is often associated with hydrocele, and is prone to subsequent
atrophy. Fungus testis has been recorded in a child of ten months old,

and typical gummata have been seen in a boy of six years.

Symptoms of Syphilitic Testis.—As a rule the general health keeps
good. If both testes are affected the interval since the primary disease

will usually be found to have been short ; but if only one be affected, it may
have been of several years. Syphilitic affections of the testis are seldom
seen either in the early secondary or the later tertiary stage. They
belong distinctly to the intermediate group, occurring from two to four

years after primary symptoms. It is important to remember that in this

affection we occasionally meet with distinct masses of deposit in the

epididymis. The most common condition, however, is a general enlarge-

ment of the whole gland with a smooth rounded exterior. The size attained

varies from that of a hen's egg to that of a small fist. The enlargement is

slow in development and usually painless. Abscesses may occur if no
treatment is resorted to, and these may lead to fungus testis. The syphilitic

testis sometimes attains a large size, and may then be known by its peculiarly

rounded outline and light specific gravity. A gumma feels decidedly lighter

in the hand than either hematocele or malignant growth. The vas deferens

is seldom thickened, and the gland is quite devoid of the ordinary testicular

sense. The scrotum is unaffected except when hernia testis threatens, and
there is often fluid in the tunica vaginalis.

One testicle only may be affected, or both may be so, either consecutively

or simultaneously ; the second testis may be attacked whilst the patient is

under specific treatment. The function of the testis is lost if the disease is

not successfully treated. Syphilitic orchitis may follow immediately upon an
injury in a syphilitic subject.

Diagnosis.—Syphilitic orchitis has to be diagnosed from simple chronic

orchitis, tubercular disease and new growths—innocent and malignant.

Simple chronic orchitis occurs in the absence of syphilitic history ; it is

usually the result of injury ; the swelling rarely attains a large size ; testicular

sensation is present, and the effects of antisyphilitic treatment are negative.

It is rarely difficult to distinguish between syphilitic and tubercular

disease, at least in their early stages. The well-marked and easily recognised

nodules in the epididymis in the latter cannot well be mistaken ; but in

those cases where a primary gumma forms in the epididymis, it is often

extremely difficult to distinguish between them, and the same terminations

may await both, with the exception that specific treatment generally shows
marked effect in those cases which are due to syphilis. In cases in which the

vas is enlarged, examinations should always be made as to the existence of

stricture, but there are certain rare cases in which the vas and the epididymis

are enlarged, and without any evidence of urethral disease. The vas behind

the testis may become greatly thickened and convoluted without any
tendency to abscess or any formation of gumma, and may so remain for

months or even years together.

In a general way it is not in the least difficult to diagnose between

syphilitic and malignant disease of the testes. In the latter the growth is

rapid and steadily progressive, its rate of progress, indeed, always increasing
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with its size. There is almost always in some parts of it pseudo-fluctuation,

and it is more or less nodulated. To the above symptoms we may add that

the scrotum becomes adherent, and shows a dusky tint with enlargement of

superficial veins ; and, lastly, that the cord itself is often thickened. In all

these features malignant tumours of the testis differ from what we find to be

the usual condition of syphilitic disease. It is far more common to find

both testes complicated at once in syphilis than in cancer, whilst the cord

almost invariably remains free.

Treatment of Syphilitic Testis.— This should be both local and con-

stitutional. The local consists of removing any hydrocele fluid by tapping,

and then strapping the testicle with mercurial plaster. In the interstitial

form mercury should always be carefully and perseveringly given, but where a

gummatous affection is present, iodides of potassium, sodium, or ammonium
are indicated. These are best given with spiritus ammon. aromat. and
liquid extract of sarsaparilla, freely diluted with water, and taken by
preference half an hour before food. The doses of iodides must be increased

weekly until the swelling shows signs of lessening ; should che drug dis-

agree with an empty stomach it may sometimes be given immediately after

food without inducing discomfort. Obstinate cases in elderly men,

particularly if fungating, are often best dealt with by castration.

Tuberculosis of the Testis and Epididymis.—Primary or hgemato-

genic tuberculosis is very rare in the testis, the disease almost always

commencing in the epididymis, and spreading to the body of the testicle as

a secondary process. This greater liability of the epididymis to tuberculous

infection may be due to the fact, that in descending tuberculosis from the

urinary tract the epididymis is first exposed to infection, but clinical

experience points to the epididymis as the seat of primary trouble in about

50 per cent of urogenital tuberculosis. It is most common between 20 and

30 years of age, but may occur at any period between early infancy and

advanced old age. The disease usually commences on one side, but the other

is liable to become affected. Whether a previous gonorrhceal epididymitis is a

predisponant is uncertain, but many cases occur without a past venereal

history. The disorder usually commences as a small nodule in the globus

major, followed at times by similar nodules in other parts of the epididymis.

By degrees these nodules may coalesce until the whole epididymis is con-

verted into an irregular, hard, boat-shaped swelling. At a later stage the

tuberculous mass softens and breaks down in one or more places, and, after

ulcerating through the tissues of the scrotum, it may heal and break down
again, or a fistulous opening or a hernia testis may result. At the periphery

of these young nodules younger grey miliary tubercles develop, and when
the testis itself becomes involved its substance may be thickly studded

throughout with them.

Tubercular disease extends from the epididymis along, thickening the

cord, to the prostate, seminal vesicles, and bladder. It is important always

to bear in mind that tuberculous disease often begins in the prostate or

seminal vesicles, and in every case of testicular tubercle, therefore, these

structures should be carefully examined. The progress of the affection may
be rapid or slow, just as we see in tuberculous joint diseases, and may
terminate at any stage by complete resolution or complete destruction.

It has been much disputed whether the exact starting-point of tuber-

culous disease of the testis is in the tubes or in the connective tissue of the

organ, but it is probable that the process starts in the walls themselves of

the seminal tubes—usually in those of the epididymis first. At certain

circumscribed spots the connective tissue of the tubes proliferates, and thus
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becomes infiltrated with masses of round cells, which tend to break down and
become caseous. Nearer the interior of the tube the epithelial cells become
swollen and fused together into irregular foci, which become detached into

the lumen of the tubes, and fusing with the caseous products which are pro-

duced by the cell proliferation of the masses in the walls of the tubes, the

characteristic white nodules are produced. The vitality of the immediately

surrounding tissues being much impaired, inflammation is set up around

these masses, and thus the neighbouring intertubular tissue, which is also

infiltrated in the round cells, becomes invaded, and takes a share in the

formation of caseous nodules. Usually the nodules increase in size, and
then fuse to form larger masses, which break down into cavities containing

pus and form fistulous openings. More rarely the process is arrested, the

masses becoming encapsulated as in the lung by an interstitial inflammation.

Symptoms and Diagnosis.—Tuberculosis of the testis and epididymis is

often a very insidious disease, and is overlooked by the patient for a long

time. It sometimes appears as if it originated in an acute inflammatory

attack, but the symptoms as a rule are so characteristic of the affection that

the diagnosis is not difficult. Even in the early stage the insidious forma-

tion of a small painless nodule in the tail or head of the epididymis, to which
the patient's attention may be only drawn accidentally, is enough to at once

excite a suspicion of commencing tuberculous disease. A little later another

enlargement is noticed at another part of the epididymis. These little

nodules gradually run together, and form an irregular nodulated mass, which,

of somewhat crescentic shape, surrounds the testis at its posterior and
outer aspect. As the altered epididymis thus increases in size, the testis

feels small and usually soft, more rarely one or two nodular masses are

present in its substance. The patient's health suffers but little at first.

After a varying period, usually three or more months, one of the nodules in

the epididymis becomes enlarged, the soft parts over it are found to be

adherent, becoming thinned; before long the skin, dusky red and
purplish, and shining, at one spot gives way, and the characteristic discharge

of ill-formed pus and caseous material follows. To this succeeds a fistulous

sinus, from which weeps constantly thin sero-purulent discharge. Where
such a sinus closes, a depressed adherent cicatrix remains

; the affected part,

whether epididymis or testis, being left smaller in size and irregular in shape.

Tuberculous epididymitis may result in permanent chokage of the

canal of the epididymis and consequent sterility of the testicle.

Treatment.—This will be either medical and palliative, or operative.

Medical treatment may be tried as long as the deposits are small and hard,

but as soon as caseation has commenced surgical measures should be

resorted to.

Uncomplicated primary tuberculosis of a single epididymis or testicle

should be treated by immediate castration, for so long as the disease remains,

extension to other parts is liable to occur. When other lesions of the

genital tract are present, however, but little is to be gained as a rule by
removal of the testicle. In rare cases where a testicle and a seminal vesicle

of the same side are alone implicated, both structures may be taken away
either at the same or different times with advantage. Where castration

is contra-indicated but little permanent good results from active local

surgical treatment. Abscesses may be left unopened until they are close to

the skin, when they may be incised and treated afterwards with simple

antiseptic dressings until they heal. The erosion of localised tuberculous

lesions in the epididymis or the testicle is usually unsatisfactory in its

final result.
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Some authorities, however, advocate active local treatment in all caseat-

ing foci. Morris thinks that if improvement does not soon follow upon
general hygienic and climatic treatment, some surgical operation will be

requisite, and should be undertaken without further loss of time. He
advises erasion of all the softened areas, and thorough rubbing of the cavities

with iodoform, which in many cases has been sufficient to check the disease,

and should always be tried first when the deposits are small and few, and
there is no extension of the malady along the genito-urinary apparatus, or

secondary deposits of tubercle elsewhere. When erasion has failed, when
the fistula? persist or are numerous, when there is fungus with a small wasted

testis, and when the whole or greater part of the organ is involved, castration

is the only treatment. A fungating tuberculous testis is better removed
probably under all circumstances.

The general treatment of tuberculous orchitis is to be conducted on those

lines which will best improve the general health—fresh air (night as well

as day), good food, warm clothing, cod-liver oil, and tonics.

Tumours of the Testicle.—The following is a list of the tumours
which, according to Ziegler, have been met with in the testicle :—Adenoma,
adeno-sarcoma, chondro-adenoma, chondro-cystoma, cystadenoma, enchon-

droma, fibroma, cystic fibroma, myxoma, osteoma, papillomatous cysto-sar-

coma, rhabdomyoma, dermoids, sarcoma, lympho- sarcoma, cysto - sarcoma,

carcinoma, and chondro-carcinoma. From this list it may be seen that the

testicle is liable to be affected by tumours with cyst-forming tendencies,

and among these some—such as chondro-cystoma—are almost peculiar to

this organ. The pathology of testicular malignant growths has not yet

been thoroughly worked out, for whilst at the present time some British

pathologists hold that carcinoma is an unusual form of malignant disease

of the testes, Continental writers, on the other hand, speak of it as one of

the " commonest tumours " of this gland.

Nothing would be gained by treating each of the above varieties of

tumour in detail ; it is only necessary to refer at length to the more dis-

tinctive among them to which the testicle is liable to be affected.

Tumoues.— General Cystic Disease of the Testis.—A name given by
Curling to a form of adenoma formerly known as " hydatid disease of Astley

Cooper." The morphology of these tumours has been independently investi-

gated by Sutton and Eve. They originate in the remnant of the Wolffian

body—the paradidymis, which lies between the globus major of the epi-

didymis and the testes proper. In their typical condition these tumours
are made up of large numbers of cystic spaces, varying in size from a rape

seed to a cob-nut. Many are distinctly tubular, and the cysts may com-
municate with each other. The loculi are lined with regular columnar,

cubical, or stratified epithelium, and intra-cystic papilloma are not uncommon.
The connective tissue framework of the tumour consists mainly of fibrous

tissue, but it may be so abundant as to form the bulk of the tumour, the

cysts being sparse. In some of the specimens, especially those met with in

infants, plain muscle fibre has been detected, and in at least one instance

hair has been found. As the tumour increases in size, it flattens the body
of the testicle until it is reduced to a narrow stratum intervening between
the tunica albuginea and the adenoma. In the large specimens it is often

difficult to detect any remnant of the testicle.

Symptoms and Cause.—This form of cystic disease may affect the testicle

at any age between birth and the fortieth year, most often in middle life.

The tumours grow insidiously, painlessly, and slowly. They exist for

several years, and may attain a moderately large size. They are smooth,
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uniform, and ovoid, but as they enlarge careful palpation may detect some
spots softer and more elastic than others. The spermatic cord and lymphatic
glands are unaffected, and the general health is not impaired. Eecurrence
after removal is exceptional ; metastasis is not unknown.

Castration is the only treatment, and ought not to be delayed.

Enchondroma of the Testicle.—The frequency with which cartilage

appears in cystic sarcomatous tumours of the testis is noteworthy; it

occurs also alone in hyaline masses which vary in number, and apparently

without cysts or sarcomatous material, but though cases from time

to time occur in which the masses of cartilage are united and surrounded

by fibrous tissue—firm and well developed—without any admixture of softer

material, yet clinically it is extremely doubtful whether any of these

apparently simple enchondroma of the testis may not at any time become
sarcomatous. We undoubtedly meet occasionally with small cartilaginous

tumours of the testis which have been gaining slowly, perhaps for three

or four years, and in which there is no recurrence after removal, yet it

may be doubted whether a cartilaginous tumour of the testicle really

deserves the term innocent.

Symptoms.—Enchondroma of the testis would be recognised by its

hardness, its bossy or lobulated outline, its slow rate of growth, and its

painlessness. The cord would be normal, and the general health unimpaired.

Early castration should always be performed.

Myoma and fibroma of the testis are exceedingly rare, and would
scarcely be recognised as such until microscopical examination was made.
Their clinical history would be that of similar innocent tumours elsewhere,

and their treatment would be by enucleation or castration.

Teratoma.—These tumours, which are congenital and cystic, occur in

two forms :—(1) Those containing fragments of bone, teeth, nervous tissue,

or intestine ; or (2) the more ordinary forms of dermoid cyst containing

epithelium, hair, and sebaceous material. Both kinds are met with outside

the testicle near its junction with the epididymis. Their mode of origin is

uncertain. They may be noticeable at birth or not until a later period, and
may remain quiescent or may become inflamed and suppurate. They tend
to atrophy the testicle, and may possibly degenerate malignantly.

Their early removal is necessary, either by completely dissecting away
every vestige of their sacs, or by excision of the testicle should the simpler

procedure prove impracticable.

Sarcoma of the Testicle.—Sarcoma is probably the more common form
of malignant disease of the testicle, the round-celled occurring most often,

and the lympho-sarcoma next in order of frequency. The sarcomata
have their origin in the intertubular connective tissues, and are rarely

of pure form throughout their structure, being usually mixed with myxo-
matous and cartilaginous tissues.

Sarcoma of the testis usually commences in the body of the testis, appear-

ing first as an oval or egg-shaped lump uniform in outline. It is this

absence of any irregularity or bossiness which at first often makes it

difficult to distinguish these cases from those of chronic orchitis, especially

as the history of a blow and subsequent inflammation may be present in

either case. Later on irregularity of outline and unequal resistance at

different spots may both be met with. The tunica albuginea is usually

not only distended, but also thickened ; the cavity of the tunica vaginalis

contains fluid at an early period, but later on it is usually obliterated.

In section the sarcomata may appear uniformly fleshy or marked by
fibrous septa, giving the growth a lobulated appearance. Microscopically
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the cells are round or spindle-shaped, occupying the intertubular tissues,

separating and compressing the seminal tubes, many of which are altered

in shape, and their epithelium degenerated into granular detritus. It is

important to bear in mind that sarcoma of the testis is very prone to

enlarge the nearest lymphatic glands, contrary to the rule of sarcomata

in general.

Symptoms and Course.—The disease usually appears in healthy patients

either in early childhood, or in manhood between the years of twenty-five

and forty. It may be attributed to a blow or squeeze, but frequently is

discovered by accident. The rate of growth varies with the exact nature

of the tumour ; as a rule it is rapid, but in some of the least malignant

forms it may be slow. The tumour is smooth, symmetrical, solid, and
heavy. Testicular sensation soon disappears, and pain is usually present.

The veins of the scrotum enlarge in time. The epididymis may become
merged in the swelling. Both testes may be affected, especially in the

round-celled variety, a complication which does not often occur in carcinoma.

Secondary deposits are most common in the iliac and lumbar glands.

They may occur also in any of the viscera. The prognosis in sarcoma of

the testis is extremely bad.

Lymphosarcoma of the Testis (Sutton).—These tumours are often de-

scribed as " small round-celled sarcoma " ; they occur in lads and young
adults, often affect first one and then the other testicle after a variable

interval, disseminate very rapidly, and speedily cause death. They are

the most malignant of the sarcomatous tumours.

Treatment—Early removal of the testicle offers the only chance of

successful treatment. To wait until an accurate diagnosis is certain is

only to wait too long, chiefly for the reason that the abdominal lymphatic

glands are quickly affected in testicular sarcoma. It is important, there-

fore, in every case to examine carefully by palpation for enlargement of

the iliac, pelvic, and lumbar glands before submitting a patient to operation,

no matter how early it may have been seen. It is desirable in operating

to follow the cord along the whole length of the inguinal canal, by splitting

the fibres of the external oblique muscle to the extent necessary, as is

done in radical cures of hernia. The cord can be traced and divided in

the subperitoneal tissues, and the weakened inguinal canal sewn up as in

Bassini's operation for hernia, etc. ; the lower or arched edge of the internal

oblique muscle being sewn to the inner surface of Poupart's ligament,

before the external oblique is brought together over the canal. In those

cases where the scrotal tissues are not invaded by the new growth the

skin incision is best made from a point opposite the external abdominal
ring obliquely downwards to the upper part of the scrotum, the testicle

being squeezed upwards from the scrotum through the wound. If the

scrotal tissues are invaded by the growth, the affected area must be widely

removed between elliptical incisions, continuous with the one already

described. Any secondary swelling within the abdomen contra-indicates

castration as a possibly curative measure, as it is useless trying to excise

these secondary masses.

Carcinoma of the Testicle.—Carcinoma takes the form either of soft

marrowy growths (encephaloid or medullary), or of firmer and more
compact tumours with an abundant stroma (scirrhus). It often happens

that different parts of the same growth differ in structure. The disease

usually starts in the convoluted seminiferous tubules. The cancer cells are

exceptionally prone to mucoid and fatty degeneration, and in the softer

forms haemorrhage is very common ; sections of such growths are apt to be
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mottled with various tints. Cysts with gelatinous or colloid contents are

produced by the mucoid or colloid degeneration of the cells in the cancerous

loculi, the tumours being then described as cysto- carcinoma or colloid

carcinoma. Carcinomata, likewise, in many cases contain rounded nodes
and nodules, or elongated, ramified, and cactus-like patches of cartilaginous

tissue, chiefly in the neighbourhood of the rete testis and epididymis.

These patches as they grow sometimes break into the lymphatics and
seminal canals of the testis, and therein ramify, assuming the most diverse

forms (chondro-carcinoma). In cases of carcinoma of the testis the fibrous

stroma of the growth itself, or that of the epididymis, sometimes undergoes

sarcomatous proliferation. Metastasis takes place both through the blood-

vessels and through the lymphatics.

Encephaloid Carcinoma.—The mass of an encephaloid carcinoma has a

soft, pulpy consistence, and a more or less uniformly white or pinkish white
colour. When squeezed a creamy fluid oozes from its cut surface. It is

usually so soft and so fragile that it is liable to give way under slight

injury, and blood becomes effused in its substance. This may take place

at many points interstitially or into ragged cavities. The effused blood,

undergoing changes, gives rise to a variety of appearances and discolora-

tions.

As the growth increases, the coverings of the testis yield under pressure,

and become stretched to a great extent before they give way, and even
when the tunica albuginea has yielded the scrotum continues to expand.

In course of time, however, the tumour becomes adherent to the scrotal

tissue and ulcerates through them, and the true fungus hsematodes appears

growing rapidly, with a sloughy surface which bleeds readily. The surfaces

of* the tunica vaginalis are usually more or less adherent, and the cavity

sometimes contains blood-stained serum. The growth extends to the cord,

and affects the pelvic and lumbar lymphatic glands. Secondary deposits

are found in the lungs and other situations.

Symptoms of Soft Carcinoma of the Testis.—The testis is at first

occupied by a regular oval or pyriform mass. This is at first rather

firm, but soon the mass becomes softer at some parts than others, and has

a pulpy, elastic, or fluctuating feel. Its weight is heavy. Pain and tender-

ness are not conspicuous symptoms. Testicular sensation is early lost.

The scrotal veins enlarge. Thickening of the cord is an early feature

;

separate masses of growth can sometimes be felt within it. Enlargement
of the intra-abdominal lymphatic glands (lumbar and pelvic) is an early

incident, and must always be carefully looked for before any operation is

advised. As the growth becomes larger irregular bosses form on its surface

—some hard, some soft—the scrotum becomes adherent, gradually dis-

colours, and the mass from within fungates through. Cachexia is not a

marked or early symptom. It is, indeed, usually absent until long after

the time when any attempt at curative treatment might have been made.
Scirrhus of the Testicle.—This form of carcinoma is extremely

rare in the testicle, and its existence has even been denied altogether by
many pathologists. Cases have, however, been described, and the following

are among its best-marked features :—It appears later in life than
encephaloid carcinoma. Its course is slow, extending to six or more years.

The size is not great, but the hardness is extreme. Microscopically it

consists of very thick connective tissue trabecular in which the alveoli

contain polymorphic epithelial cells.

Treatment of Carcinoma Testis.—Carcinomatous tumours of the testis

can be treated, of course, only by castration, and in any case of doubtful
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diagnosis it is better to explore a scrotal swelling and find a mistake in

diagnosis has been made than to postpone interference until a positive

opinion of the nature of a tumour can be formed, only to find that the time

has gone by when successful operation might have been undertaken. The
principles of operation are those described when treating of sarcoma.

Fungus or Hernia Testis.—This term is applied to a protrusion from

within of testicular tissue through the tunica albuginea and the skin of the

scrotum. It occurs in connection with inflammatory or with malignant

disease, and is seen therefore in two forms—benign hernia testis and

malignant hernia testis.

In the malignant form the protruding mass (fungus hsematodes) consists

of new growth, and contains no testicular tissue. In the benignant form

the protrusion consists of much granulation tissue and little testicle sub-

stance, and is usually a product of syphilitic disease, although it may some-

times occur from tuberculosis. Fungus due to tubercle generally springs

from the epididymis, whilst that of syphilis springs from within the sub-

stance of the testicle.

The recognition of these conditions is simple enough, and the diagnosis

between benignancy and malignancy must be made by a general survey of

the history and surrounding circumstances of the case.

Treatment.—Malignant hernia testis can be treated only by castration.

The benignant form, if small and tuberculous, may sometimes be cured

by dusting powdered iodoform over the fungus, and attending at the same

time to the constitutional condition; the syphilitic form should be dusted

with calomel or peroxide of mercury ; and iodides, mercury and tonics

administered internally. In this latter form strapping may sometimes

with advantage be applied ; and this failing, Syme's operation may be

performed. To secure success by this operation it is necessary, in the first

instance, to bring the surface of the fungus into a healthy granulating con-

dition by one of the treatments just mentioned. The parts are then made
as aseptic as possible, as in any operative procedure ; the edges of the circular

opening in their whole thickness of the scrotum are freely excised, and are

then deeply undercut all round, and to an extent sufficient to allow quite

easily of their being brought together over the fungus, where they are

secured by closely applied interrupted sutures of wire or fishgut. It is

sometimes necessary to shave part of the fungus away before suturing.

In obstinate cases of benignant hernia castration is the only remedy, and
should be the usual treatment in the tubercular form.

Leprosy of the Testis.—The testicle is a locality of early and constant

implication. The gland is often affected when apparently normal, and its

function may be compromised or entirely destroyed during the first or

second year of the disease. In a typical case the changes are chiefly

interstitial— proliferation of the intercanalicular septa and membrana
propria, with resulting compression of the canaliculi. Necrotic foci may
appear in the infiltration. The cord remains intact for a long time.

Neuralgia of the Testis— Testalgia.—Neuralgia of the testis is

characterised by sudden, severe, and paroxysmal pain ; it may be due to causes

situated in the testicle itself, or in some distant part. The causes situated

in the testicle are contractions of inflammatory deposits, minute abscesses,

fibrous bodies in the tunica vaginalis, small encysted hydroceles, progressive

atrophy, small new growths, e.g. fibro-myoma, or injury to the vas deferens.

Causes situated at a distance from the testicle are irritation in the

prostatic urethra, stone in the bladder or kidney, chronic inflammation of

the seminal vesicles, oxaluria, lithiasis, gout, rheumatism, and extreme
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nervous depression associated with phosphaturia and constipation ; fissure

or ulcer of the anus or rectum, are also occasional causal conditions.

Treatment.— Where possible the cause should be ascertained and
removed ; where this is not possible the testis should be suspended, bowels

daily evacuated, diet regulated, horizontal rest enjoined, and ice or hot

fomentations, or an anodyne liniment—such as opium or belladonna

—

applied locally. Morphia may have to be injected occasionally. Division

of the nerves of the spermatic cord and castration have been practised,

but are not to be recommended, except in the rare cases of neuralgia from

a new growth, or from the contraction of some old inflammatory thickening

in the epididymis or testis, which no other methods have succeeded in

improving.

Methods of Supporting or Suspending the Testicles.—An endless

variety of bandages have been devised for this purpose, and " suspenders " of

different kinds are to be found at every drug store or surgical instrument

maker's. The chief fault of suspenders lies in the fact that they fit only by
accident ; as a rule they are too tight in some parts, and too loose in others,

so that the uniform compression which is essential to the relief of swollen

and tender parts cannot be secured by their aid. Fortunately, however,

more than efficient substitutes are easily and simply made.

The testicle can be well supported by two handkerchiefs, either of silk

or cotton—preferably the former—applied in the following manner : A
handkerchief, is folded corner-ways to the width of an ordinary belt and is

then tied securely round the waist. The second handkerchief is folded once

corner-ways into a triangle. The centre of its base, with the apex forwards, is

placed behind the scrotum, and its " angular " ends are then brought

forwards on either side of the genitals up to the " waistbelt," where they

are secured. The apex of the triangle is now brought forwards over the

scrotum, and is carried upwards in the median line to the waistbelt, under

which it is passed and turned down and fastened securely with a safety-

pin ; the pressure on the swollen parts being determined by the tightness

of this apical portion of the triangle.

Von Baer's Triangle.—A better method of securing a dressing on, or of

supporting, the scrotum or testicles is by means of " von Baer's triangular

bandage," which is applied as follows : An eighteen-inch square of surgical

lint or other soft textile, from which the selvage has been torn, is cut from

corner to corner into two equal triangular halves. To the rectangular

apex of one of these is sewn two twenty-inch lengths of two-inch bandage,

and to each of the angles at the base is sewn a thirty-six-inch length of

the same. The triangle is now laid over the genitals and hypogastrium,

with its base upwards and its apex reaching behind the scrotum to the

perineum, where it is firmly held by passing one of the strips attached

to it under each thigh along the gluteal fold to the outer side of the

great trochanter, where they are firmly held by an assistant so as to prevent

the triangle being drawn forwards. The strips attached to the angles

at the base of the triangle are now carried, one in each direction, round
under the pelvis, and are brought forwards between the iliac crest and
great trochanter across the triangle about one inch below its base, and are

tied firmly together in the middle line. The strips from the outer

side of the thighs are now carried forwards and inwards across the outer

third of the groin, and are fastened with safety-pins to the base of the

triangle, which is turned down to meet them over the strips which have

encircled the pelvis. An opening is lastly made in the triangle, through

which the penis is drawn.
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On " strapping " a Testis.—The whole scrotum must be shaved. The
affected testis is separated from its fellow and gently pressed into the lowest

part of the scrotum. A strip of adhesive plaster, three-fourths of an inch

wide and twelve inches long, is now bound transversely round the scrotum

above the testis, sufficiently tight to prevent the testis slipping back

through it. A second or even a third circle of strapping is applied below

the first, pressing the gland more and more downwards. Longitudinal

strips are then applied, reaching from the encircling strapping on one side

over the testis to the other side. These strips overlap each other, and are

repeated until the gland is well covered in. A final strip of encircling

plaster is bound round the " neck " of the swelling to make all secure, and
the scrotum is finally supported in a suspensory arrangement of some kind.

If thought necessary ointments spread on lint may be applied under the

strapping. The dressing should be changed as soon as the imprisoned

testicle is found to be shrunken within it.

Excision of the Testicle (Castkation).—The pubes and scrotum must
be shaved and made aseptic. An incision through the skin and deeper

tissues is made from the external abdominal ring to the bottom of the

scrotum, and the cord and testis laid bare. The cord is now isolated close

to the external ring, the testis squeezed out of its bed, and the soft parts

which attach it to the scrotal tissues divided freely until the testicle is held

in by the spermatic cord only. The cord may now be dealt with in several

ways, but whichever method may be adopted it is important to have a

secure hold of its central end until all its vessels have been secured. It

may be transfixed with an aseptic stout double silk ligature, which is divided

at its looped extremity, each half tied separately about its own section of

the cord, and the cord then cut through half an inch below the ligature

;

or the cord may be caught temporarily in a clamp or with artery forceps,

divided an inch below, and the vessels on its divided face caught separately

or in small clusters, and tied as in an ordinary amputation. The position

of the vessels in the cord has been referred to (page 25). Three arteries

must be included in the ligatures—the artery to the vas deferens, the cremas-

teric, and the spermatic. It is often impossible to identify the arteries

from the veins. The mouths of the latter vessels gape when divided;

they are readily seen and easily secured. Both veins and arteries together

are picked up with artery forceps, and secured with silk or catgut ligatures.

The two sets of veins may be tied in separate masses. If the scrotal tissues

are invaded by disease the affected area must be taken away between elliptical

incisions running wide of the lesion. In operating for malignant growths it

is desirable to remove the cord as high up as possible, and for this purpose

the external oblique must be slit up in the length of its fibres from the

external to the level of the internal ring. The inguinal canal can then be

thoroughly cleared, and the whole extraperitoneal part of the cord removed.

The lower arched edge of the internal oblique and transversalis muscles

can be sutured to the inner surface of Poupart's ligament with continuous

silk or catgut sutures, as in Bassini's operation, and the divided sides of the

external oblique muscle overlapped as in the operation for radical cure of

hernia. Where a testicular tumour is small or of moderate size, and the

scrotal tissues are not invaded, it may be removed by an oblique incision

made at a higher level than the one above described. The tumour being

forcibly squeezed up on to the pubes, an incision is made over it sufficiently

long to allow of its extrusion, and not encroaching upon the scrotum if it

can be avoided. The cord is isolated and divided as above described, and
the testicle cut away from its scrotal attachments, in doing which it is im-
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portant to secure bleeding vessels as they are divided, otherwise they are

drawn back deep into the scrotal pouch, where they are difficult again to

find, and where also they may be easily overlooked until a subsequently

developed hsematoma indicates their presence. In castration for tubercular

testis the vas deferens may be separated from its own artery, and torn away
by traction in its length from its deeper attachments to the bladder wall and
prostate. In this way the whole of the vas may be safely removed ; a great

advantage in those where an affected seminal vesicle is also to be taken away.

Before wounds in the scrotum are closed it is very desirable to tie every bleed-

ing point, as hsematoma forms so readily in the loose tissue of this part, and is

liable to break down and delay union. A post-operative scrotal hematoma
should be cleared out at once by separating the lips of the wound to the

necessary extent, the leaking vessel found if possible and the parts being

subsequently well supported by means of softly compressing dressings.

Scrotal wounds should be sutured through their whole thickness, and
care taken that the sutures are not too tightly tied. Drainage for twenty-

four hours is generally desirable, and is best made through the upper angle

of the wound.
The wound is dressed with dry aseptic gauze dressings, and the scrotum

carefully supported by means of a von Baer's triangle. Drainage may be

dispensed with in twenty-four hours, and sutures removed on the fifth

day.

Hydrocele.—Under this term is described the "watery," fluid collections

which are formed in and about the tunica vaginalis, epididymis, testis, and
cord in men, and the round ligament in women. Hydroceles should always

be regarded as symptomatic until the existence of disease or defect in the

parts about which they form has been negatived, either with or without

the aid of puncture.

Hydroceles in females are treated of in the section on diseases of women.
Hydroceles in males are divided into those of (1) the tunica vaginalis,

(2) the testis, (3) the epididymis, and (4) the spermatic cord.

Hydroceles may be either acute or chronic; the latter largely pre-

dominating.

Hydroceles of the tunica vaginalis are of the following kinds :—Vaginal,

congenital, and infantile.

Acute vaginal hydrocele is seen in traumatic orchitis, acute epididymitis,

and after injection for the cure of a hydrocele. Its pathological and clinical

phenomena, its consequences, and its treatment are described in connection

with the radical cure of vaginal hydrocele by injection.

Chronic Vaginal Hydrocele.—This consists of a collection of fluid

in the sac of the tunica vaginalis, and appears either as a primary or a

secondary condition. It is to the former that the term vaginal hydrocele is

ordinarily applied, and which alone is dealt with in this section.

The secondary hydroceles are vaginal, inasmuch as they are effusions

into the vaginal tunic, but they depend upon syphilitic, tuberculous, or

simple chronic inflammation of the testis or epididymis, and are dealt with,

therefore, in connection with these several affections.

The causes of primary vaginal hydrocele are very obscure, and little is

known positively concerning them. In the great majority of cases hydro-

cele commences insidiously and without any apparent cause. It is, as a

rule, quite independent of any inflammation, and is a mere passive effusion

due to the anatomical and mechanical conditions of the vessels and circula-

tion of the cord and testicles. A not uncommon cause is found in the

presence of fibrous bodies attached or free within the vaginal tunic. They
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are usually attached, are sometimes cystic, and not infrequently calcify.

The hydatid of Morgagni furnishes a certain number of them.

The fluid from a vaginal hydrocele is usually yellow, but may vary from

a pale straw to a turbid green or bronze. It is odourless, limpid, and trans-

parent. It is neutral in reaction, with a specific gravity about 1025 ; it

contains much albumin and a small amount of fibrinogen. Under the

microscope only a few small cells are to be seen. Not infrequently it con-

tains cholesterine scales, which in old standing cases become very plentiful

and fill the fluid with glistening particles. The quantity of fluid contained

in a vaginal hydrocele varies between ounces and pints.

If the hydrocele has been unirritated the tunica vaginalis remains for

long unchanged, but in old, neglected, or injured hydroceles the tunic

becomes hard, thickened, or calcified throughout or in patches.

Symptoms.—A pyriform swelling on one side of and limited to the

scrotum, with a smooth and uniform outline, elastic to touch, translucent,

dull on percussion, and giving no impulse on coughing, are characteristic of

vaginal hydrocele. One side is as often affected as the other, and some-

times both are affected together. The shape is occasionally round,

sausage -shaped, or constricted, like an hour-glass (hydrocele en bissac).

Translueency may be wanting, either because of the opacity of the fluid

from admixture of blood, the presence of cholesterine ; from the milky,

thickened, or curdy nature of the fluid in some old hydroceles, or from
opacity due to the thickening of the tunica vaginalis or other tissues of the

scrotum. Fluctuation may be obscured by tension or by thickening of the

sac wall. Testicular sensation is present at the back of, and towards the lower

part of the swelling. The increase in size is slow and painless ; dragging

sensations are referred to the groin and loin. When there is a large hydro-

cele on both sides, the skin of the penis may be so much dragged upon that

the body of the penis becomes obscured, and the opening of the preputial

orifice is all that remains to be seen of the organ.

Diagnosis.—Hydrocele is to be diagnosed from scrotal hernia, from
haematocele, from orchitis and epididymitis, from solid tumours. A
swelling in the scrotum or inguinal canal which is (1) circumscribed, (2)

fluctuant, and (3) transparent, is a hydrocele of some kind ; and having
established a diagnosis thus far, the several varieties of hydrocele are to be

distinguished from each other by the following signs :

—

Vaginal hydrocele, large and uniform
;
pyriform or round ; does not

encroach on the inguinal canal ; does not lessen under pressure or in the re-

cumbent position ; has no impulse on coughing ; testicular sensation present

;

and testis appears by transmitted light as a dark shadow posteriorly.

Infantile hydrocele differs from vaginal in that it fills up the inguinal

canal (it may extend into the abdomen) and has an impulse on coughing.

Congenital hydrocele differs from infantile hydrocele by lessening on
pressure and disappearing on lying down ; its impulse is direct and constant.

All the hydroceles of the cord are smaller and more elongated ; the testis

can be felt below the swelling and can be separated from it.

Diffused hydrocele of the cord is always more or less sausage-shaped,

and when punctured a clear fluid comes away in spots instead of in a steady

stream.

Encysted hydrocele of the epididymis is usually lobulated and rarely of

large size ; the testis is below and inseparable. The chief distinction is

found after tapping, in the watery character of the withdrawn fluid, its low
specific gravity, the comparative absence of albumin, and the presence of

spermatozoa.
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Treatment of Vaginal Hydrocele.—Spontaneous cures occur occasionally

in children, but are not to be looked for in adults. In the young the fluid

may be absorbed under stimulating lotions, or by frequently painting small

patches of tincture of iodine on the scrotum over the swelling ; in adults

the hydrocele may disappear after an attack of inflammation of the testicle,

the cavity of the tunica vaginalis becoming obliterated probably by
adhesive inflammation, such as occurs after treatment by injection. It is

on account of its bulk, weight, or unsightliness—not because of pain or

danger to life—that treatment of hydrocele is required. In young persons

damage may be done to the testicle owing to the dragging effects on the vas

deferens and epididymis, and to the atrophy of the testicle by thickening

of its tunica albuginea and fibrosis of the gland tissue. Palliative treat-

ment consists in draining off the fluid by tapping with a fine trocar and
cannula. The position of the testicle should always be carefully made out

in order not to wound it with the trocar, and in making the puncture

cutaneous and deeper veins must be carefully looked for and avoided. A point

for puncture in ordinary cases is chosen on the front of the scrotum, at the

junction with its upper and middle thirds, where the skin should be care-

fully cleansed with methylated spirit before the puncture is made. A
standing patient is most convenient for the operator ; or he may sit on the

extreme front of a chair with his body leaned back, and his legs extended

and spread widely apart. A trocar and cannula of the size of a No. 2

catheter must be carefully sterilised. This can be done by boiling them in a

test tube over a spirit lamp for a few minutes just before using. The
surgeon stands or sits in front and to the right of the patient, grasps the

scrotum from above and behind in his left hand, making the tissues tense

over the swelling. The trocar is held in the right hand, with the index

finger on the cannula about an inch from its end, for the purpose of

marking the depth to which the instrument is to be thrust. A rapid,

firm stab is made in a direction backwards and upwards as far as the index

finger will allow ; and as the trocar is withdrawn out of the cannula, the

cannula must be pushed on into the scrotum nearly to its end, so as to avoid

the slipping off from it of the contracting and receding proper tunic of the

hydrocele. The fluid will escape through the cannula without pressure, but

it is better to keep the left hand supporting the tumour until it is empty.

When the fluid has ceased to flow the end of the cannula should be closed

by the tip of a finger, and the instrument quickly withdrawn ; the edges of

the puncture being held together between finger and thumb, and sealed

with a little flexile collodion or strapping. The scrotum should be thickly

covered with aseptic cotton wool and supported with a handkerchief or

suspensory bandage. It is advisable for a patient to keep quiet for a few

hours afterwards. Faintness is occasionally seen. The risks of the opera-

tion are the wounding of a vessel in the scrotum, puncture of the testis,

and local septic infection and its consequences.

The Radical or Curative Treatment.—The methods employed for the

radical cure of vaginal hydrocele are (1) injection, (2) incision, and (3)

excision.

(1) The Injection of Irritating Liquids.—This is a safe and usually satis-

factory method of treating small and moderate sized simple hydroceles in

which the sac is not greatly thickened or indurated, and where no loose or

pedunculated bodies are present within it. It is inapplicable to children and

feeble old men. Eecurrences are seen in about 5 per cent of cases treated

by injection. Of the many liquids which have been employed, mention

only need be made of two—tincture of iodine and liquefied carbolic acid.
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The injection with iodine should be carried out as follows :—The skin of the

scrotum and the instruments must be made aseptic. The fluid is carefully-

drawn off with a medium-sized trocar and cannula. By means of a glass

syringe about two drachms of a 5 per cent freshly prepared sterile solution of

cocaine or eucaine are injected through the cannula, left for about a minute,

and then allowed to escape. About half an ounce of tincture of iodine is

now similarly injected, and the opening in the cannula closed. The sac is

freely manipulated and shaken to insure its every part coming in contact

with the iodine, about half of which at the end of ten minutes is allowed to

escape,and the cannula is withdrawn ; the sides of thepuncture being squeezed

tightly about the instrument to prevent the escape of iodine into the con-

nective tissues. The puncture is sealed with collodion or strapping. The
patient should be at once put to bed for a few days, the scrotum supported,

and a plain diet given. Within twenty-four hours, as a rule, the scrotum

is swollen, hot, and tender, and an evaporating lotion of lead and opium
should be constantly applied to the part. Within a week usually the patient

may get about again, wearing a suspensory bandage ; but all swelling does

not disappear until the end of three or four weeks. Instead of tincture

the following iodine solution may be used :—Iodine, 40 grains ; iodide of

potassium, 30 grains ; water, one ounce. The pain experienced after the use

of iodine varies much, but the acute pain of the injection is very much lessened

—often entirely neutralised—by the use of the preliminary cocaine injection.

The injection of carbolic acid has been more popular in America than in

this country. It has advantages of its own ; is quite as effective as iodine,

and certainly causes less pain, where cocaine has not been used. After

the usual tapping by means of a syringe having a nozzle sufficiently long

and slender to reach entirely through the cannula, about one drachm of

pure carbolic acid, liquefied with glycerine, is injected and allowed to

remain—the sac being freely manipulated for the purpose of distributing

the acid freely over its interior. A sense of warmth is produced which is

quickly followed by a decided numbness. Subsequent treatment is practi-

cally the same as where iodine has been employed.

The mode of cure in either case is either by universal or partial adhesion

of the parietal to the visceral portion of the tunica vaginalis by organisa-

tion of the fibrinous products of plastic inflammation ; or by converting the

serous membrane to a dull, dry, fibrous condition without power of secreting.

The untoward effects and accidents that may follow these injections

are : excessive inflammation, cellulitis, sloughing, suppuration in the sac, or

abscess in the scrotal tissues. Eecurrence may take place after each method

;

indeed hydrocele occasionally recurs after every known method of treatment.

Operative Treatment.—The open method of treatment by incision or

by excision of the whole of that part of the tunica vaginalis which lines

the scrotum, but without attempting to interfere with that covering the

testes or epididymis, should be employed in preference to injection in the

following cases : (1) Where the sac is very thick, cartilaginous, or calcified

;

(2) When there is no doubt that the hydrocele is of the congenital variety,

or is a hydrocele of a hernial sac with a small opening into the peri-

toneum; (3) Where hernia complicates hydrocele, and a radical cure of

both is desired
; (4) When loose or pedunculated fibrous bodies are present

in the tunica vaginalis
; (5) When there is no doubt as to the absence of

serious organic disease of the testis
; (6) When a vaginal hydrocele is

associated with a hydrocele of the cord and an inguinal hernia.

Treatment by Incision.—The scrotum having been shaved and the parts

sterilised, the tumour is grasped firmly behind, and a vertical incision one



52 SCEOTUM AND TESTICLE, DISEASES OF THE

and a half to two inches in length is made along the anterior and lower

aspect of the swelling. All bleeding points having been carefully secured,

the tunica is opened and the fluid allowed to escape. The cut margins of

the tunica vaginalis and skin are stitched together by catgut sutures—inter-

rupted or continuous. A wick of iodoform gauze or a large drainage tube is

introduced into the hydrocele cavity and the operation is complete.

The patient must lie in bed for about two weeks ; the scrotum must
be well suspended, and the wound aseptically dressed with dry absorbent

dressings. Care must be taken that no bagging occurs ; all drainage as a
rule may be dispensed with in two or three days. Patient will be getting

about at the end of the third week, but should wear a suspender of some
kind for some months afterwards.

Treatment by Excision of the Parietal Part of the Sac.—The scrotum
is grasped firmly behind, and the tissues over the hydrocele made
tense. An incision three inches long is made over the front and
lower part of the tumour, down to the usually transparent and almost

structureless tunica vaginalis, which can best be freed from most of its ex-

ternal attachments in its tense and unopened condition ; the hydrocele being

extruded out of the wound, except at its posterior and lower attachments.

The sac is now to be opened and cut away close to the testis and epididymis,

but without injuring those structures. All bleeding points are to be

carefully tied, specially those in the thicker parts of the sac through which
the " freeing " incision has been made. A drainage tube is inserted in the

cellular tissue-space from which the sac has been removed and the edges of

the external wound brought together by sutures. An aseptic dry dressing

is applied, and the scrotum raised and supported. Drainage may be dis-

pensed with in twenty-four hours, and the parts kept dry. Eest in bed
for two or three weeks afterwards is desirable.

Treatment by excision is the most radical of all the above methods,
but recurrence has been recorded even after this operation.

In troublesome or rebellious cases—particularly in elderly men—castra-

tion through an inguino-pubic incision is sometimes the safest procedure to

adopt.

Congenital Hydrocele.—In this condition the cavity of the tunica

vaginalis is continuous upwards with the cavity of the peritoneum, and
depends upon non-closure of the funicular process of peritoneum along which
the testis has passed from the abdomen through the inguinal canal into

the scrotum. The size of the communication with the peritoneum may
vary from a thread to a finger end. Though generally met with in infancy

and soon after birth, it may not develop until later in life.

Where such an anatomical condition is present the fluid contained in

the hydrocele may have come downwards from the peritoneum, and often

does so in the serous form of tuberculous peritonitis in children.

Treatment.—Simple measures may be tried in children, and careful

tapping is admissible, but radical treatment for its permanent relief is the

soundest procedure. The sac must be exposed and isolated, like the sac of a

hernia, and after its neck has been tied it may be cut away. Truss treat-

ment is uncertain and usually unsatisfactory, and the injection of irritants

is mentioned only to be condemned as dangerous.

Infantile Hydrocele.—In this condition the sac of the tunica vaginalis

extends upwards along the cord to the inguinal canal, or even beyond into

the abdomen. The hydrocele is closed at its upper end, and has no open

communication with the peritoneal cavity, although the two sacs may lie

in close contact with each other. There are two varieties of infantile hydro-
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cele : (1) inguinal ; and (2) abdominal. In the inguinal variety, which is

by far the more common, the upper limit of the sac is in the inguinal

canal, usually at one or other of the rings. In the abdominal variety

—

a very rare form—the sac extends through the whole length of the in-

guinal canal, where it is more or less constricted, along the cord structures

into the abdomen, where it becomes larger again, and may reach as far as

the loin. It is sometimes described as a form of hydrocele " en bissac."

Treatment.—In the inguinal form puncture is a safe procedure, but
should this fail excision of the whole of the sac from its uppermost limits

downwards to the testis must be practised. The operation on the abdom-
inal variety is a somewhat difficult and dangerous one, and ought not to

be attempted except where there is a clear reason for interference, as death
has followed the procedure.

Funicular Hydrocele or Hydrocele of a Hernial Sac.—This term is applied

when the sac of a hernia—either congenital or acquired—emptied of its

hernial contents, and either partly or wholly shut off from the peritoneal

cavity, becomes distended with serous fluid. The congenital variety is the

most common, and is sometimes described as congenital hydrocele of the

cord, a term which exactly expresses its anatomical condition : it consists

of an open pouch of peritoneum which extends into the inguinal canal, and
is quite separate below from the tunica vaginalis. The acquired variety is

rare, and although often confined to the inguinal region, may extend into

the scrotum ; sometimes after the reduction of its hernial contents the neck
of the sac is obliterated by the pressure of a truss ; or the orifice is com-
pletely obliterated by a plug of adherent omentum, or again the sac may
communicate with the peritoneal cavity by a very narrow channel.

Symptoms and Diagnosis.—The congenital funicular hydrocele has
many of the characters of congenital vaginal hydrocele, but it does not

extend so far into the scrotum, and the testis can be seen and felt below it.

In the acquired variety there is usually the history of a hernia and the wear-

ing of a truss. The swelling may be inguinal or scrotal ; it is fluctuant and
translucent, and diminishes on pressure only if the opening into the peri-

toneal cavity is patent. It occurs later in life, is of larger size, and
contains a darker coloured fluid than encysted hydrocele of the cord.

Treatment.—Simple tapping may be tried, but if anything further has

to be done the complete removal of the sac on the lines followed in radical

cure of hernia should be the treatment.

Inguinal hydrocele is the name given to vaginal hydrocele when the

testis is undescended, and occupies a position somewhere between the

internal abdominal ring and the scrotum ; or the testis may have passed

through the external ring, and be situated between the aponeurosis of the

external oblique muscle and the integuments. It presents itself as a tense,

fluctuating, translucent swelling, irreducible, often with an impulse on
coughing. The empty half of the scrotum and the testicular sensation at

the site of swelling make the diagnosis complete. If anything more than
simple tapping is required excision of the sac with the testis is the best

treatment, the weakened canal being secured against any tendency to

subsequent hernial protrusion by closure, as adopted in operations for the

radical cure of inguinal rupture.

Hydkocele of the coed may be diffused or circumscribed.

Diffuse or Infiltrated Hydrocele of the Cord.—This is a very rare affection,

and was first described by Pott. Its existence has been doubted by many
authorities, but of its occasional occurrence the writer can speak positively

from his own experience. The spermatic cord is enveloped by a loose layer
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of connective tissue, which unites its several constituents and is continuous

above with the sheaths of the abdominal muscles, while below it may be traced

over the epididymis continuously with the subserous connective tissue beneath

the tunica vaginalis. The cremaster muscle is spread out upon its outer

surface. This connective tissue, which is described by some anatomists as a

separate fascia, the tunica vaginalis communis, becomes occasionally the seat

of a diffuse serous infiltration. This is probably of the nature of an oedema,

but its causes are obscure. This connective tissue is very rich in lymphatics

and small veins, and probably any obstruction from pressure above and
within the abdomen will produce the diffuse hydrocele.

Symptoms.—The swelling is uniform, cylindrical, or pyriform, with the

large end downwards. The base of the tumour is formed by the firm fibrous

tissue, which just above the testicle forms a septum below which the

effusion cannot extend. The smoothness and uniformity of outline are due

to the fluid being bound down by the tunica vaginalis communis. The cord

is larger than usual, and feels somewhat like a soft omental hernia. Testis

and epididymis below are normal. Pain is absent, discomfort from the

dragging weight is felt in the loin. By gentle and continued pressure the

swelling can be made to recede, but it returns quickly when the pressure is

removed, and that as readily when the patient is lying down as when he is

erect.

Diagnosis is difficult and uncertain, it resembles most closely an old

thickened omental hernia ; both extend upward along the cord into the

inguinal canal ; both feel somewhat dense, but little yielding to pressure,

and neither is sensitive to handling. The points of distinction are chiefly

the marked cough impulse in the hernia, its lobular or granulated feel, its

complete reducibility, leaving the cord and external abdominal ring free

and clear. Where such a hernia is irreducible diagnosis is very difficult,

and can only be determined when necessary by careful puncture or incision.

Erom an encysted hydrocele the diffused form may be known by its less

clearly marked and less rounded outline, its extension upwards, and the

alteration produced on it by pressure.

Treatment.—Unless this form of hydrocele attains a large size and
becomes consequently a real incumbrance, it is better left alone. It cannot

be satisfactorily emptied by tapping, as the fluid comes away drop by drop

only, and is secreted almost as quickly as it escapes. If for any reason

radical treatment is called for, complete aseptic excision of the tumour
along with the testis and cord as high up as possible is probably the least

dangerous treatment.

Encysted Hydrocele of the cord is the term applied to circumscribed

serous collections in the spermatic cord which have no connection with the

tunica vaginalis. They occur in any part of, and affect any extent of the

cord, but they are most commonly met with in the inguinal canal, and are

usually of short length. More than one may be present. They are due to

effusions into unobliterated portions of a funicular process which has become
shut off at its upper end from the peritoneal cavity, and at its lower from
the tunica vaginalis. They are met with in young patients, usually on the

right side, as ovoid or elongated circumscribed tumours, smooth, painless,

elastic, and translucent. They are apparently freely mobile, and when of

short length may be pushed or coughed in and out of the inguinal canal,

either towards the peritoneum or scrotum, in the readiest manner. They
are often mistaken for hernias because of their marked indirect impulse on

coughing, but are easily distinguishable therefrom by their translucency

and by their tension, without symptoms of strangulation or discomfort
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of any kind. Exploratory puncture with a hypodermic syringe readily

reveals their nature. When situated at the lower end of the cord

and of large size they resemble a vaginal hydrocele or an encysted

hydrocele of the epididymis, but can be distinguished from these conditions

by the testicle below being separable from the tumour.

Treatment.—Tapping may be tried for their relief in the first instance,

but should they refill, complete excision is a safe and radical procedure.

Enucleation more accurately describes the removal of these cysts than

excision ; for if care be taken to cut quite down to the proper sac of the

hydrocele, which may be distinguished by its thinness over its containing

fluid, and by the entire absence of blood-vessels from its walls, the

unopened cyst may be shelled out of its bed without difficulty.

Hydrocele " en hissac " is a term applied (1) to a vaginal hydrocele which
is constricted transversely at some part, and has in consequence assumed
the shape of an hour-glass; the constriction depending on a localised

structural resistance in the walls of the tunica preventing uniform disten-

sion of the sac, and (2) to the abdominal variety of infantile hydrocele

already described (p. 53).

Encysted Hydrocele of the Testis and of the Epididymis.—The fluid is

contained in a sac distinct from that of the tunica vaginalis ; the conditions

must be distinguished from hydroceles of the cord and of the tunica vagi-

nalis. It occurs in two varieties :

—

Encysted hydrocele of the epididymis.

Encysted hydrocele of testis (proper).

Encysted hydrocele of the epididymis is not uncommon in middle-aged and
elderly men. Two forms have to be distinguished :— 1. The commoner,
consisting of large cysts containing spermatozoa, and originating within

the epididymis. 2. The rarer, consisting of small subserous cysts outside

the epididymis and not containing spermatozoa. The latter are small ses-

sile or pedunculated cysts, rarely as large as a pea, contain a little serum
only. They give rise to no symptoms, and call for no treatment. They
are developed from the so-called hydatid of Morgagni, which is a remnant
of the Miillerian ducts.

The larger variety of cysts is much more important. They are usually

found close to the upper part of the epididymis, and arise inside its paren-

chyma. They are often multiple, and may attain the size of an adult fist.

They increase slowly in size, and are composed of delicate fibro-cellular

tissue, lined by stratified, cubical, columnar, or ciliated epithelium. Their

contents are limpid and colourless, or opalescent, of low specific gravity

(1004), alkaline, contain only a trace of albumin, and are rich in salts, chiefly

sodium chloride. They usually contain spermatozoa, which are sometimes

quiescent and disintegrating, sometimes immature, but sometimes showing

lively movements and well-developed structure. The origin of these cysts

has been much discussed. They may begin in an efferent seminal tube, or

as a simple serous cyst, into which a tube opens, or, what is more probable,

from Kobelt's tubes. Sutton has remarked, " It is a curious fact that these

cysts arise in those structures which in the female give rise to parovarian

cysts, and are therefore morphologically homologous with them."

Symptoms of Encysted Hydrocele of the Epididymis.—These are little

marked at first, the onset being very insidious, and the growth slow.

While small these cysts feel something like and have been mistaken

for an additional testicle. Their shape is often globular and somewhat
bossy. When large or multiple the outline becomes irregular or pyriform

with the broad end upwards, but they seldom attain to the size of a vaginal
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hydrocele ; they are fluctuant and transparent. The testis should always

be made out, and will be found below and never behind the swelling. The
tumour cannot be separated from the testis; all movements of one are

followed by the other. Puncture with a fine trocar, and a chemical and
microscopical examination of the fluid settles the question at once.

Treatment.—These cysts may exist for many years without encum-
brance, and no treatment may be indicated. Simple puncture and emptying
will often suffice if anything has to be done ; but if more radical measures

are called for, excision of the cysts should be preferred to the less certain

and more troublesome method by injection of fluid irritants. The cyst

must be fully exposed through a free incision in the scrotum, and its capsule

freed as far as possible by careful dissection, so as to enucleate it from its

bed without opening it ; if the sac is opened its walls must be stripped away
from their connections, taking care not to damage the testis or the epi-

didymis. All bleeding points in the scrotal tissues must be secured, the

wound closed with deep sutures, and dry aseptic dressings applied ; the

whole being well supported by a triangular bandage.

Encysted Hydrocele of the Testis (proper).—This rare form of tumour is

situated between the tunica albuginea and the inner layer of the tunica

vaginalis, or in the substance of the tunica albuginea itself. The cysts are

usually single, of small size, and situated nearly always on the anterior

surface of the testis. It is
.

probable that they originate in small

haemorrhages which have become encapsulated. They may be recognised

as very slowly forming small round tense swellings on the surface of an
otherwise healthy testicle, and seldom call for treatment.

Complications of Hydrocele.—A hydrocele may be complicated (1) by the

coexistence of one or more hydroceles, or (2) by the presence of a

hernia.

(1) Multiple Hydroceles.—The combination most frequently met with is

that of ordinary vaginal hydrocele and encysted hydrocele of the epididymis.

It is probable that the encysted hydrocele is formed first, and that owing
to the irritation which its presence produces effusions of fluid take place

secondarily into the cavity of the tunica vaginalis. When the latter

collection has attained a large size the presence of an encysted hydrocele

may easily be overlooked. In such cases when the vaginal hydrocele is

tapped, the usual pale yellow fluid escapes, and the swelling though
diminished is not removed. If then the trocar be thrust onwards into

the remaining swellings the characteristic watery or opalescent fluid of

encysted hydrocele escapes. Another combination is that of encysted
hydrocele of the cord with vaginal hydrocele.

(2) Combination of Hydrocele and Hernia.—A large hydrocele predisposes

to hernia, and the usual combination is that of vaginal hydrocele with
inguinal or scrotal hernia. The two swellings can usually be distinguished

if attention be paid separately to their chief determining points. Encysted
hydrocele of the cord is occasionally complicated with inguinal hernia. The
treatment of these conditions by tappings and trusses must be carried

out in the usual way. If radical measures are called for, some open
method of operation—according to the individual features of each case

—is the safest procedure.

Impotence.—By impotence is meant the incapacity for coitus. The
causes are best divided into two heads : those which are physical and often

permanent, and those which are psychical,—these latter being often

temporary, frequently exaggerated, and sometimes imaginary altogether.

The causes of impotence in the male are many and various. Firstly,
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congenital or acquired defects and deformities of the penis and testes, such

as extreme conditions of hypospadias and epispadias ; absence of penis

;

twists, and curvatures of the penis ; or a persisting infantile condition of the

genital organs or excessive size of the penis. Secondly, impotence may be
acquired in the course of several diseases; thus it may arise from mere
mechanical obstruction offered by the size of large scrotal hernias or

hydroceles, in which the body of the penis is buried in the protuberance of

the tumour. The same result is also seen in some cases of elephantiasis of

the scrotum and penis. It may result from loss of the power of exertion,

which may be due to excessive sexual indulgence or prolonged masturbation
;

and further occurs as a natural symptom and feature in certain acute and
chronic diseases, such as diabetes and albuminuria ; and in injuries of the
brain and spinal cord, such as contusion of the brain and fracture of the

spinal column. Thirdly, impotence is brought about by the prolonged use

of certain drugs, such as the bromides, iodides, opium, conium, camphor,
arsenic, lead> and the abuse of alcoholic liquors. Fourthly, many cases

arise from psychical causes in which impotence is due to some mental
disturbance, or to some deficiency of mental power.

Treatment varies with the cause, the removal of which is obviously the
key to the cure. The last-mentioned type must be dealt with on common-
sense lines; forced efforts at intercourse must be avoided, and sexual
matters must be allowed to take their own course.

Sterility.—Sterility is the condition of inability to impregnate, and
must not be confounded with impotence or the incapacity for sexual inter-

course. The two conditions are distinct though they may coexist. The
causes of sterility in the males are chiefly these : 1. Malposition or

retention of the testis. It has been already mentioned that nearly all such
testes are atrophic and sterile. 2. Obstructions in the vas deferens and
epididymis when bilateral. Congenital strictures in, or absence of these

parts occasionally occur; but in the great majority the obstructions are

acquired, and are residua of the acute epididymitis of gonorrhoea or the
chronic epididymitis of tubercle. Injury to the vas or epididymis sometimes
occludes their canals. 3. Obstructions, strictures, or fistulse in connection
with the prepuce, urethra, ejaculatory ducts, seminal vesicles, and prostate.

The pin-hole preputial meatus has many times given rise to sterility which
has disappeared after circumcision. Strictures of the urethra in any part
of its course may become tightly closed during erection, the seminal fluid

regurgitating into the bladder, and being discharged subsequently with the
urine. The ejaculatory ducts have become permanently occluded after the
operation of lateral perineal lithotomy. Fistula? in connection with the
urethra, seminal vesicles, or prostate may allow of the escape of the seminal
fluid through adventitious channels, and so make impregnation impossible.

Another condition exists, and has been called aspermatism, in which a
man who has sexual desires and erection finds that the act of coitus,

however prolonged, is never satisfactorily completed by an ejaculation of

semen, though this, accompanied by the usual orgasm, may take place at

other times.

The treatment of sterility consists in ascertaining the cause of the
condition, and treating it on general lines so far as it is capable of being
treated.



58 SCURVY, INFANTILE

Scurvy.
Infantile Scurvy

1. Introductory
2. Clinical Features
3. Morbid Anatomy .

58
58

61

4. ^Etiology and Pathogenesis 62

5. Treatment .... 64

Synonyms :

—

Scurvy Rickets, Barlow's Disease—the Moller-Barlovj Disease.

1. Introductory.—Of those who have made a study of the disease which
forms the subject of this article, some have looked upon it as a form of

rickets, others as a variety of scurvy, and others again as a distinct morbid
entity. These several opinions are reflected in its nomenclature. Thus
Moller of Konigsberg, who first described such cases (in 1859 and 1862),

used the term "acute rickets," which was adopted by other continental

physicians who afterwards wrote upon the subject, among whom were Bohn,

Forster, and Hirschsprung. On the other hand, in 1873, similar cases were

recorded by Ingerslev in Denmark and Jalland in London, as examples of

scurvy in infants, and in 1878 this view was independently taken up by
Dr. Cheadle in a paper which, with his later writing upon the subject, must
always rank among the most valuable contributions to its study.

In one of Moller's cases the exophthalmos present during life was
shown post-mortem to have been due to haemorrhage beneath the orbital

periosteum, but the similar haemorrhages about the long bones were first

demonstrated in a case recorded by Sir Thomas Smith in 1876. In 1883

Sir Thomas Barlow placed our knowledge of the disease upon a firm basis,

in a classical paper in which the clinical features were confronted with the

lesions found after death in a series of cases ; and the best testimony to the

value of this contribution is the fact that on the Continent, infantile scurvy

is now usually spoken of as Barlow's disease. Like Dr. Cheadle, he adopted

the scorbutic view, and looked upon the rachitic changes so usually present

as constituting a variable and not an essential element.

Since that time papers too numerous for mention have been written

upon the subject, both in this country and abroad. An elaborate collective

investigation has been carried out in the United States under the auspices

of the American Pediatric Society, and the recent researches of Naegeli

and of Schoedel and Nauwerk upon the microscopical changes in the

affected bones may be referred to as supplying new facts regarding a

feature of the malady which had previously attracted but little attention.

2. Clinical Features.—Infantile scurvy is usually met with in children

between the ages of six and eighteen months, most often before the com-
pletion of the first year of life.

Its most conspicuous and characteristic symptoms, upon which the

diagnosis rests, are :— General tenderness and pain on movement, with

resulting pseudo-paralysis, affection of the gums, and the development of

swellings upon the long bones and elsewhere, which are due to subperiosteal

haemorrhages. These phenomena vary widely in their relative prominence

in different cases.

Tenderness is often the earliest symptom, and there are good grounds

for the belief that, as Dr. Cheadle suggests, one is sometimes justified in

forming the diagnosis of infantile scurvy from this symptom alone

—

certainly such tenderness when standing alone is sometimes rapidly

removed by antiscorbutic treatment.

The infant is fretful, cries when it is handled or moved, and often cries



SCUEVY, INFANTILE 59

when any one approaches its cot, from mere apprehension lest it should be

moved. Washing and dressing obviously cause severe pain.

As a result of the painfulness of any movement, the limbs, and especially

the lower limbs which are chiefly affected, are apt to be held motionless. In

the slighter cases the legs are held drawn up, but in more severe ones they

lie flaccid and everted, as if completely paralysed. Indeed the account

given by the mother is often that the child has lost the use of its limbs, as

also in cases of syphilitic epiphysitis, in which a similar tenderness is

usually a prominent feature.

The affection of the gums, too, is usually an early developed sign. It

varies greatly in degree, and must not be regarded as affording an index of

the severity of the disease. It is greatly dependent upon the progress of

dentition, and in children who have cut no teeth may be altogether wanting,

even when the swellings of the limbs are well developed. However, even

in toothless infants the gums often show a purple discoloration over the on-

coming incisors ; and when teeth have been cut, the swelling and discolora-

tion of the gums is usually confined to their immediate neighbourhood.

Later on the gums may be much swollen so as to hide the teeth, raw, of a

deep purple colour, and may bleed on the slightest provocation. In the

worst cases of all they form fleshy excrescences protruding between the lips,

and the breath may have an intense foetor.

The fact that the gums may appear healthy in scorbutic infants who
have no teeth, is important in connection with diagnosis, for one occasionally

meets with cases in which subperiosteal haemorrhages are present, in associa-

tion with general tenderness, but in which the confirmatory evidence which
the gums usually afford is wholly wanting. It is more common to meet
with mild cases in which tenderness and some degree of gum affection are

the only scorbutic symptoms.
Subperiosteal haemorrhages are most commonly met with in the lower

limbs, and especially near the lower epiphysis of the tibia. How com-
paratively seldom the arms are affected is well shown by the American
statistics, which include 131 cases with swellings in the legs, as against

only 14 in which they were present in the arms. However, I have seen a

case in which the only swelling was around one humerus, and in which
the gums appeared natural, there being no teeth. Here the diagnosis of

infantile scurvy was confirmed by the rapid disappearance of the general

tenderness and local swelling under antiscorbutic treatment.

The size and characters of the swellings are not simply dependent upon
the amount of blood effused beneath the periosteum, but also upon serous

exudation and haemorrhage into the muscles. There may be merely slight

thickening around the bones, only to be made out on palpation, or the

entire thigh or leg may be intensely swollen, and the skin covering it

tightly stretched and shiny. The colour of the skin is usually natural, and
there is an absence of any sensation of local heat. There may be oedema,

especially of the dorsum of the foot. Occasionally, in severe cases, a soft

crepitus bears witness to a fracture having occurred in the immediate
neighbourhood of an epiphysis.

The joints are not implicated, and the swelling which tends to be fusi-

form ceases at the junction of the shaft of the bone with the epiphyses.

These swellings are not confined to the bones of the limbs, but may be
met with in other situations, as upon the ribs, clavicles, scapulae, and even
upon the cranial bones. One special variety calls for mention, namely,
haemorrhage beneath the periosteum of the orbit, which gives rise to

exophthalmos, usually unilateral and suddenly developed, sometimes
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during a fit of crying. With the exophthalmos there is, as a rule, some
swelling and discoloration of the eyelid, and corneal ulceration may occur in

severe cases.

As has been mentioned, one of Moller's cases showed this, and that it is

no very exceptional event is evidenced by the American statistics, wherein

swelling or protrusion of the eyeball is mentioned as having been observed

in 49 out of a total of 379 cases, and was expressly stated to have been

absent in 110. In 18 cases protrusion only was mentioned, in. 9 cases

swelling only, and in the remaining 22 both swelling and protrusion.

Cases have been described by Mr. Holmes Spicer in which such eye

phenomena were practically the only symptoms present, but which yielded

to antiscorbutic treatment.

Sir Thomas Barlow has directed attention to a very marked depression

of the sternum en bloc which is apt to be present in severe cases of infantile

scurvy, and which, in its extreme form at any rate, is due to separation at

the costo - chondral junctions. Weakness of the back is another not

uncommon symptom.
Cutaneous haemorrhages, either petechiae or vibices, are not uncommon,

and bruising may follow trifling injuries. Of the mucous membranes, that

of the gums is by far the commonest seat of bleeding, but blood may be

passed in the motions, or epistaxis may occur. Of the American cases

haemorrhages from mucous membranes (excluding haematuria) were reported

as absent in 196, and as occurring in 164. In no less than 93 of these the

bleeding was from the gums, in 33 from the nose, from the stomach in 2,

and from the bowel in 37.

Haematuria is not uncommon, and may be a very early, or even the

only symptom of the scorbutic state, as has been pointed out by Dr. Gee
and John Thomson. It occurred in three successive cases recently under

the writer's care. Its occurrence affords no evidence of special severity of

the disease. Albuminuria may persist after the blood has disappeared

from the urine, and there may be albuminuria apart from haematuria.

Although in the milder cases there may be no conspicuous anaemia, in

severe ones it is usually very pronounced, and especially in those in which
there have been extensive subperiosteal haemorrhages, and here there is

usually a cachectic earthy tint of the skin. I am indebted to Dr. H.

Thursfield for a summary of the results of a series of blood examinations

which he has made. The changes observed were in no way characteristic,

but resembled those met with in cases of ordinary rickets, viz. a marked
deficiency of haemoglobin and a much less conspicuous diminution in the

number of red corpuscles. The colour-index, in a number of cases, averaged
0*5. In very severe cases with subperiosteal and pother haemorrhages,

nucleated red corpuscles were seen and occasionally some poikilocylosis.

In the absence of complication the leucocytes are not increased in number,

nor is the ratio of the several varieties disturbed ; but where severe

haemorrhage has occurred, a slight leucocytosis is observed, the increase

being confined to the lymphocytes. The following figures were obtained in

a case of moderate severity in a child one year old :

—

Hiemoglobin, 34%.
Red corpuscles, 3,040,000.

Leucocytes, 11,000.

(Polymorphonuclear leucocytes, 64%.
Lymphocytes, 31%.
Large mononuclear, 5%.

As a rule scorbutic infants are not wasted, but their muscles are usually
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soft and flabby. Some evidence of rickets is almost always present, such

as beading of the ribs, gaping fontanelle, or delayed dentition. However,

the clinical signs of rickets are occasionally entirely wanting, and it is

exceptional to meet with rachitic changes of a severe degree in such

infants.

Fever is no essential feature of infantile scurvy, and the milder cases

often run a practically afebrile course. "When, however, subperiosteal

haemorrhages occur, there is apt to be a rise of temperature to 101° or 102°.

Fever may also result from the development of complications such as

broncho-pneumonia.

The diagnosis of infantile scurvy seldom presents any great difficulty

to those who are acquainted with the ordinary features of the disease. It

is chiefly in cases in which the gum affection is absent that any difficulty

arises, or in those in which one of the less common manifestations, such as

exophthalmos or hematuria, is the earliest conspicuous sign. The gum
affection may be set down to an ordinary stomatitis, and the swellings of

the limbs have not infrequently been mistaken for sarcomata or for

abscesses in connection with acute osteo-myelitis, and incisions have some-

times been made into them, which have only revealed the presence of

blood-clot.

As has been mentioned, a similar tenderness and pseudo-paralysis may
accompany syphilitic epiphysitis.

The prognosis is very favourable in the milder cases, provided that the

disease is recognised and the correct treatment is initiated. Under such

circumstances recovery is usually rapid and complete, nor is recovery

unknown even apart from any obvious change in the diet. The absorption

of extensive subperiosteal haemorrhages is, however, naturally a matter of

some time, especially if a sheath of bone has been formed beneath the

separated periosteum. Of the effect upon the later development of the

limbs in cases in which fractures have occurred near the epiphyses, I have
no evidence to offer. In severe cases, with extensive hsemorrhages, in

infants who are extremely ansemic, and whose skin has an earthy

cachetic hue, even the most careful treatment may fail to bring about

any improvement, or to avert a fatal ending, which may be hastened

by bronchitis, broncho-pneumonia, diarrhoea, or some other intercurrent

disorder.

Nowadays the disease, when once recognised, is not allowed to run its

natural course, but on the basis of the early cases Sir Thomas Barlow
places its average duration, when untreated, at between two and four

months. In some of the early cases relapses occurred after complete or

partial recovery, and in cases in which recovery has followed a change of

diet, relapses may naturally occur if the previous vicious system of feeding

is reverted to.

3. Morbid Anatomy.—Of the changes observed post mortem in infants who
have succumbed to infantile scurvy, the chief pathological interest centres around
the lesions in the bones and in the structures around them. The superficial muscles
of the limbs which have been the seats of conspicuous swellings during life are
pale, and present a sodden appearance as the result of serous infiltration, whilst
in the deeper muscular layers considerable extravasations of blood may be met
with. The periosteum of the affected bone is found to be thick and highly
vascular, but shows no evidences of actual inflammation ; and it is separated
from the underlying bone by a layer of blood-clot of greater or less thickness.

The extravasation may be confined to one end of the bone or may cover the entire

diaphysis, whilst in extreme cases the epiphyses may be found broken off, leaving
the diaphysis completely embedded in a mass of blood-clot, enclosed in a bag of
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periosteum. The clot varies in colour according to its age, and may show a
laminated structure suggestive of a series of distinct haemorrhages. In cases

of long standing it may be almost completely decolorised and organised, and
may be ensheathed by a thin bony lamina formed beneath the separated
periosteum.

Haemorrhages also occur into the bone itself, especially in the neighbourhood
of the epiphyses, where also a rarefaction of the cancellous structure is noticeable.

The weakening of the bone in this region probably has an important share in

determining the occurrence of fractures, for the separation of the epiphyses so

often observed is usually due to actual fracture of the shaft at a short distance
from the epiphyseal line. However in some instances there is a true separation
or lateral displacement of an epiphysis. Haemorrhages may also occur in the
ossifying centres of the epiphyses.

The rarefaction of the bones above referred to was noticed by Sir Thomas
Barlow, who in one of his cases found the ribs reduced to mere thin bony shells,

and formed a conspicuous feature in the bones which were submitted to micro-
scopic examination by Angel Money, Naegeli, and Schoedel and Nauwerk. The
German investigators describe a conspicuous diminution of the lymphoid cells of

the medulla, which consists in the main of connective tissue elements and blood-
vessels. In the cancellous tissue the trabecule are scanty, and the number of

osteoblasts are markedly below the normal. The denser portions of the bone
structure are also affected.

Schoedel and Nauwerk attribute the rarefaction of the bone to deficient forma-
tion rather than to the absorption of bone previously formed. They base this

opinion upon the fact that Howship's lacunae are not increased in number,
that the osteoblasts are scanty or even absent, and that there is a diminution
rather than an increase of osteoblasts. They are, moreover, inclined to connect
the defective bone formation with the abnormal condition of the bone-marrow
above referred to.

The rarefaction has been ascribed to the intraosseous extravasations, but
Naegeli is inclined to look upon it as a primary and characteristic feature of the
disease which precedes the occurrence of haemorrhagic lesions.

The ordinary changes met with in the bones of rachitic infants are also present
in the great majority of the cases.

Other haemorrhagic lesions are also met with, but these are not characteristic

of infantile scurvy. Blood-stained fluid may be present in serous cavities, and
there may be haemorrhages into the viscera as well as into the superficial

structures.

Sutherland has observed subdural haemorrhages in a case in which another
exceptional feature was fracture of the femur near the middle of the shaft.

Lastly, there may also be present the lesions of inter-current disorders such as

broncho-pneumonia.

4. ^Etiology AND Pathogenesis.—Although infantile scurvy results

from errors of diet, these errors are as a rule of a much less gross character

than those met with in many cases of severe rickets. As a matter of fact

the disease, at least in its milder forms, is more often met with among
infants in favourable surroundings than amongst those of the class from
which hospital patients are mostly drawn.

It has been pointed out, by Dr. Cheadle and others, that the anti-

scorbutic properties of milk are not of a high order, and they are apt to

be impaired or destroyed by the various modes of preparation so largely

resorted to, such as condensation, peptonisation, and the prolonged heating

required for effectual sterilisation. It will, indeed, be found that in most
cases of infantile scurvy, milk prepared in one or other of these ways, or

humanised milk, which has undergone sterilisation, has been the main
article of the child's diet. There is, moreover, evidence to show that the

mere raising of milk to the boiling point is not wholly without a similar

effect. Hence it is evident that excessive care, as distinguished from want
of care, in the feeding of infants may induce the disease, and thus its

comparative frequency among children of the well-to-do classes is readily

explained.
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However, of the infants brought up upon sterilised, humanised, or even

condensed milk, only a small proportion develop scurvy, and it is probable

that the risk of its occurrence is removed by the addition to the diet of

some fresh element, such as raw-meat juice or the juice of oranges. On
the other hand, the advantages of sterilisation of milk as a preventive

measure are obvious, and provided that the reduction of its antiscorbutic

properties is recognised and guarded against, the risk of scurvy need not

be regarded as contra-indicating its use, when fresh milk cannot be relied

upon.

In cases in which fresh milk has been given, it has usually been only

for a short period, and that some time previously, or the quantity may
have been wholly inadequate, or the milk itself may have been of inferior

quality. In some of the worst cases very little milk of any kind has been

taken, and now and again one is confronted with infants whose diet has

consisted entirely of a farinaceous food and water. It is in such cases that

infantile scurvy is met with in its most severe forms, and it is probably by
replacing milk, either wholly or in part, that the proprietary foods which
often figure so largely in the dietary of scorbutic children conduce to the

development of the disease, seeing that they are themselves devoid of

antiscorbutic properties. However, Holt mentions two cases which have

come under his observation in which scurvy developed in infants taking

sterilised milk and a proprietary food, who recovered when the food was
stopped, although the heating of the milk was continued. In some
instances the history forthcoming appears to be at variance with what has

been stated above, the dietary showing no conspicuous error. Nevertheless

the scorbutic lesions present are unmistakable, and that the diet is

actually at fault is shown by the rapid improvement which sets in as soon

as a change is made. Thus in a case in which in addition to subperiosteal

swellings there was severe affection of the gums, the infant was at first given

fresh milk and water in the proportion of 1 to 3. After three months it had
milk and barley water in equal parts, and from six months onwards a malted
food with fresh cow's milk. The milk, for which an adequate price was paid,

was just raised to the boiling point, and from the age of six months the

amount taken daily was about a pint and a half. Nevertheless, under the

ordinary antiscorbutic treatment, the improvement was rapid, and recovery

was ultimately complete.

Such cases like those mentioned by Holt seem to support the view that

errors of diet which cause scurvy may be positive rather than negative, the

presence of deleterious ingredients rather than the absence of antiscorbutic

ones (see article " Scurvy in Adults," page 66) ; but if this be the case,

the mere addition of fresh elements, without change of diet, should fail to

cure the disease. How far it does so is a point which calls for further

investigation.

Cases have even been recorded occurring in breast-fed infants, but they

are certainly very rare, and in most of them, at any rate, some special

circumstances have been present, such as inadequate supply of milk, or

impaired health of the nursing mother. The view here adopted, that the

disease under consideration is identical in its nature with the scurvy of

adults, whatever the pathology of the latter may be, has met with general

acceptance in this country and in the United States, as is evidenced by the

names in ordinary use for it. On the Continent, on the other hand, this is

not the case, and the great majority of continental observers hold either

that it is not scorbutic in its nature, or at least that its identity with

adult scurvy is non-proven ; and this is why the name of Barlow's disease,
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which makes no such assumption as to its nature, has found such wide
acceptance among them.

No argument adduced in support of the scorbutic theory approaches in

cogency that based upon the curative effect of a diet containing fresh

elements, such as unboiled milk, orange juice, or raw-meat juice. Although
in the most severe cases such a diet is not capable of averting a fatal

ending, the effect in milder cases is most striking, and a rapid and
continuous improvement under appropriate feeding may be confidently

predicted. So uniform, indeed, are the results, that one cannot help

regarding with suspicion cases of a less severe kind, diagnosed as examples
of infantile scurvy, in which such treatment is without effect.

It has been observed that improvement and even recovery may occur

apart from any deliberate change of diet, but there is little doubt that a

slight change in the conditions, such as a change of milk supply, may turn
the scale in one or other direction.

The character of the gum affection and its distribution about such
teeth as are present, as also the tendency to haemorrhages in various

situations, agree with what is seen in adult scurvy.

Those who reject the scorbutic theory are not prepared to take so

favourable a view of the effects of antiscorbutic treatment, but the

strongest argument which they adduce is based upon the special and very
characteristic tendency to subperiosteal haemorrhages in the - infantile

disease, lesions which, although not unknown in the scurvy of adults, are

certainly not of common occurrence.

It has also been objected that in countries, such as Eussia, in which
adult scurvy is not uncommon, the infantile affection appears to be very
rare, and that in outbreaks of true scurvy, infants show little liability

to suffer.

In answer to the first objection, it is urged that the special liability to

subperiosteal haemorrhage may be due to the age of the patients, and to

the vascularity of the tissues, which are in a condition of specially active

growth. As to the immunity of infants during so-called epidemics of

scurvy, further evidence is to be desired.

The opponents of the scorbutic view have no satisfactory alternative to

offer in its place. For the suggested infective origin of the malady no
tangible evidence is forthcoming, and the view that we are here dealing

with a hemorrhagic diathesis associated with rickets does not take us

appreciably further, especially in view of the fact that cases are met with
in which clinical evidences of rickets are wholly wanting.

5. Treatment.—It is impossible to discuss the clinical features and
aetiology of infantile scurvy without dealing at the same time with the

subject of its treatment, and the importance of introducing what Sir

Thomas Barlow speaks of as " living " ingredients into the diet. It

therefore only remains to give in this final section some details of the

dietary which brings about the best results in these cases.

Fresh milk should be substituted for any form of prepared milk
hitherto given, and if the supply can safely be trusted, there is little doubt
that unboiled is to be preferred to boiled milk as the staple food of these

patients. However, in view of the limited antiscorbutic properties even of

unboiled milk, it is always well to add other fresh elements to the diet,

such as raw-meat juice or orange juice or potato cream. The only objec-

tion to raw-meat juice is the risk of introducing the ova of tapeworms into

the alimentary canal, but this risk can be to a large extent avoided by
straining through fine muslin—a precaution which it is always well to take.
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It is prepared by extracting fresh, uncooked meat, such as best rump
steak, with a small quantity of water. Some two ounces of raw meat are
scraped into a pulp, to which half an ounce of cold water is added. After
standing for an hour, the juice is expressed through fine muslin, and a
teaspoonful may be added to the infant's bottle.

The juice of oranges is readily obtained and palatable. It may be
given in a teaspoon, and may be sweetened if necessary. When oranges
cannot be got, the juices of other fruits, such as grapes or lemons, may be
used instead, and for children above a year old, well-baked apple may be
given in suitable quantity.

Potato cream, which is highly recommended as a potent antiscorbutic
remedy, is prepared by passing thoroughly steamed potatoes through a fine

sieve, and intimately mixing the fine powdery material so obtained with
milk, until the mixture has the consistence of cream. This may be added
to the contents of the bottle in doses of a teaspoonful, which may be
gradually increased to as much as a tablespoonful in the case of older

children.

Hygienic measures, such as fresh air, are useful adjuncts to the dietetic

treatment. Drugs are of no material service in the treatment of the
scorbutic condition, but in the period of convalescence the administration
of such drugs as cod-liver oil and iron may be indicated for the treatment
of the rickets and ansemia so usually present. The liability to haemor-
rhages and to fractures near the epiphyses, as also the extreme general
tenderness, call for great care in handling scorbutic infants.

The clothing should be so constructed that the contortions ordinarily

entailed in putting it on and off may be entirely avoided, but the child

should be warmly covered, and when it is necessary to move it, it should
be carried upon a soft pillow.

Under such treatment improvement is rapid and ultimate recovery
complete, provided that the disease has not reached a stage at which
recovery is no longer to be looked for. The general tenderness quickly
disappears, the condition of the gums improves from day to day, and even
the swellings of the limbs subside with a rapidity which is surprising,

considering the nature of the lesions. On the other hand, the absorption
of massive subperiosteal clots naturally takes time, and it may be months
before the natural contour of the affected bones is restored.
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Introductory.—This disease, which was formerly the most serious scourge

of the navy and the mercantile marine, and was the cause of no small

mortality among troops on active service, is now chiefly of historical interest

;

but it is still occasionally met with, and there is no reason to doubt that it

would reappear with all its former malignity in any community in which

the conditions which gave rise to it should from any cause come into exist-

ence again. The last severe outbreak of scurvy in the British navy was in

1795, when it seriously endangered the safety of Lord Howe's fleet. After

this, on the advice of Sir Gilbert Blane, lime juice was introduced into the

navy, and it gradually found its way into the mercantile marine, its adop-

tion being made compulsory by Act of Parliament in the year 1867. During

the last hundred years the frequency of scurvy has gradually diminished,

so that it has become one of the rarest of diseases. Thus during the five

years ending 1868 the cases of scurvy admitted to the Seamen's Hospital at

Greenwich were on an average 85 per annum, with an average of two deaths,

while for the five years ending 1898 the average annual admissions amounted

to only 1-4, and there has been no fatal case since 1887. The records of

other large hospitals in seaport towns confirm this conclusion. Thus out

of a total of 3089 patients admitted to the men's wards of the Liverpool

Eoyal Infirmary during the last five years of the century which has just

closed only two are stated to have had scurvy. This remarkable improve-

ment, which may be not inappropriately compared with the diminution of

smallpox which followed the discovery of vaccination, has by most authorities

been attributed to the introduction of lime juice on board ship ; but the

general introduction of steam, enabling fresh supplies of food to be more

frequently obtained, the adoption of better methods of preserving food, and

the prevalence of improved hygienic conditions on board ship, must be

credited with a considerable share of the amelioration which has taken

place. The fuller consideration of this point, however, had best be deferred

to the section dealing with the aetiology and prophylaxis of the disease.

Clinical Features.— The symptoms of scurvy may best be con-

sidered under two heads, viz., those associated with anaemia and general

malnutrition, and those associated with a tendency to ecchymoses and

spontaneous haemorrhages. The onset is generally slow and insidious, the

symptoms being those of progressive cachexia and ansemia. The complexion

is sallow and dull, and of a leaden hue, reminding one of the appearance of

the subject of frequent attacks of malaria ; the epidermis is dry and tends

to desquamate, the conjunctiva is pearly white, there is extreme physical

weakness and mental apathy, together with shortness of breath and pains

in the back and lower limbs. As the disease advances the more characteristic

signs of scurvy appear. The gums become swollen and livid, they tend to

bleed and ulcerate, and may actually slough. This affection of the gums,

though generally present, is not constant ; it begins between the teeth, is

especially severe in the neighbourhood of carious teeth and stumps, and is

reduced to a minimum in the case of edentulous subjects. The teeth buried

in the swollen and bleeding gums become loose, and may drop out, and
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mastication is painful, and may become impossible. The other characteristic

sign of scurvy is the occurrence of hsemorrhages from the mucous membranes,
or into the substance of the skin, the subcutaneous cellular tissue, or the
deeper structures of the body. Ecchymoses of various extent appear, chiefly

on the lower limbs, which present a bruised appearance, especially evident
in the region of the knees, and brawny indurations, often painful and tender,
arise in the hams and calves, and may be so dense and abundant as to fix

the limbs in a semiflexed position. Node-like swellings are often observed
over the tibia owing to effusion between the periosteum and the bone. The
breath has a peculiar offensive odour, which may be aggravated by slough-
ing of the gums, or even necrosis of the jaw ; the bowels are constipated,
but the appetite is maintained, and there is no thirst.

Scurvy is less frequently met with in an uncomplicated form than in
association with other diseased conditions. The most frequent complica-
tions are probably dysentery, malaria, and syphilis. Probably some of the
symptoms which the older physicians attributed to scurvy were really due
to complicating diseases, but owing to the infrequency of scurvy since the
more searching methods of modern diagnosis have become general it is

difficult to speak positively on this point. The tissues seem to lose their
normal reparative powers, ulcers will not heal, fractures will not unite,
and old scars may break down, and even fractures which have healed may
become disunited.

Morbid Anatomy.—As might be inferred from what has been said of
the infrequency of scurvy in recent times, it does not appear that any
searching investigations have been made into its pathological anatomy
since the more modern methods of histological research have come into use.

The obvious naked-eye appearances are such as might be expected from
what we know of the clinical features of the disease. Decomposition sets
in rapidly, ecchymoses observed during life persist after death, and are
speedily merged in post-mortem staining, and blood-stained serum, or actual
effusions of blood, are formed in the subcutaneous areolar tissue. The
brawny swellings observed during life are found to consist of firm clots of
blood, more or less decolorised and organised according to their age. These
hsemorrhagic effusions may be numerous and of various extent, and may
occur either in the substance of the muscles or outside their sheaths.
Similar effusions may be found under the periosteum or in the substance of
the bones, and there may be large serous effusions, more or less stained with
blood, in the great serous cavities of the body. No satisfactory explanation
of the hsemorrhagic tendency, so characteristic of the disease, has been
offered ; investigations carried out more especially with regard to the blood-
vessels seem to show that they are free from morbid change. Various
lesions have been described in connection with the viscera, but there was
nothing distinctive about them, and they were probably due to some
associated morbid conditions.

Diagnosis.—The diagnosis of scurvy in the adult can only present
difficulties when it arises under unusual circumstances, in which the ex-
istence of the dietetic antecedents is not obvious, or when, as has been known
to happen, it comes on insidiously in the course of some other disease. The
presence of tender gums and subcutaneous ecchymoses should at once arouse
the suspicions of the physician, and the disappearance of the symptoms when
the diet has been changed will speedily confirm them.

Prognosis.—The prognosis in uncomplicated scurvy is always favour-
able provided the appropriate treatment can be carried out at once, but in
severe cases it is necessary to guard against any sudden exertion on the
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part of the patient, the assumption of the erect posture having been known
to induce a fatal syncope.

Treatment.—The treatment is almost purely dietetic, but in the cases of

severe exhaustion, which are now seldom seen, the greatest care must be taken

to avoid syncopal attacks, the patient being forbidden to exert himself in any
way or even to sit up in bed. Fresh food, animal and vegetable, must be

administered in small quantities and at frequent intervals. In un-

complicated cases recovery is uninterrupted and complete, but the presence

of complications, more especially of dysentery, may call for the exercise of

much care and judgment in the management of the patient.

Etiology and Prophylaxis.—For more than a century the opinion has

been all but universally held that the essential cause of scurvy is the absence

of fresh vegetables from the diet, and much ingenuity has been spent in the

endeavour to ascertain what is the special constituent of fresh vegetable

food the want of which gives rise to this disease. The freedom from scurvy

enjoyed by children and others who live chiefly or exclusively on fresh

milk or fresh animal food makes this view quite untenable, but if for absence

of fresh vegetables we substitute absence of fresh organic food, whether
animal or vegetable, there is much to be said for it.

On the other hand, it has lately been maintained with much show of

plausibility, especially by Mr. F. G-. Jackson and Mr. Vaughan Harley,

that scurvy is not a deprivation disease, but a toxaemia arising from the

ingestion of decomposing food.

That the withholding of vegetable food is by itself incapable of causing

scurvy is shown by the immunity enjoyed by those tribes who are unable

to obtain vegetable food in any form, by the immunity enjoyed by children

and others who subsist for long periods on fresh milk alone, and more
particularly by the experience of Arctic explorers, such as Nansen and
Johansen, who subsisted for nine months on walrus and bear flesh preserved

only by the cold. On the other hand, there are plausible grounds for the

view that scurvy can be induced by a diet from which all kinds of fresh

food are excluded. Thus it has been asserted that sterilisation or prolonged

boiling of milk destroys its antiscorbutic properties, and nearly all cases of

scurvy in children can be traced to prolonged feeding on sterilised milk or

foods that have been doctored in some way (see article "Infantile Scurvy").

The view that the symptoms of scurvy are due, not to deprivation of

fresh food, but to absorption of ptomaines from decomposing meat, seems

to be indicated by the fact that the ingestion of a regular supply of lime

juice has in certain instances failed to keep off scurvy when preserved meat

formed the principal article of diet, and it receives some support from the

experiments of Jackson and Harley, who observed symptoms closely

resembling human scurvy in monkeys fed on meat which was partially

decomposed. With regard, however, to the first consideration, viz., the

appearance of scurvy in persons who were taking lime juice, an event which

must be of exceedingly rare occurrence, it is possible that the lime juice

shared the drawback of the other preserved food, and had lost its anti-

scorbutic properties. "With regard to the experiments on monkeys, it must

be borne in mind that the symptoms were by no means identical with those

of human scurvy, and that we must be exceedingly cautious in inferring,

from the results of giving putrid meat to vegetarian monkeys, the effects

which similar feeding would have upon omnivorous man.
To sum up our present knowledge of the etiology of scurvy, we may

say that it is liable to appear when the diet is composed chiefly or ex-

clusively of food which has been kept a long time, or has been subjected to



SEA SICKNESS 69

profound physical or chemical changes ; but whether this effect is due to

the disappearance of certain so-called antiscorbutic properties, or to the

development of toxic products of decomposition, the evidence at hand is

insufficient to enable us to decide.

LITERATURE.—1. Admiralty Report, 1877.—2. Immermann. Article "Scurvy," von
Ziemssen's Cyclopedia, vol. xvii.—3. Jackson, F. G., and Harley, V. "An Experimental
Inquiry into Scurvy, " Lancet, 1900, i. 1184.—4. Ralfe and Bradshaw. Article "Scurvy,"
Quain's Diet. 1902.—5. Smith, W. Johnson. Allbutt's System, vol. v.

Sea Sickness.

A form of nausea, often accompanied by vomiting, induced by movement
on the sea. The nausea and vomiting in this affection have nothing to

distinguish them from the same symptoms in some other affections ; their

leading characteristic is the causation. The same train of symptoms may
be induced by movement in a train, omnibus, or the like. While the

peculiar movement on the water is mainly responsible for the condition,

there are contributory factors. Of these we may mention sensations derived

on board from the sense of smell, and also mental stimuli derived from the

recollection of past experiences. The cause of sea sickness is quite obscure.

It may be, as some suppose, that the epigastric region is the seat of an
equilibrative centre, but if so the manner of working of such a centre is

quite unknown. It is more likely that the epigastric sensations of dis-

comfort are secondary to a disturbance in the cerebrum or medulla. On a

long voyage the condition tends to spontaneous cure usually in from three

to five days. The treatment of the disease is not very satisfactory. A
great variety of remedies have been advocated, but only a very few of these

have been found to be really serviceable. Mention may be made of cocaine,

morphin, and phenacetin, either alone or in various combinations. Great

care and discretion is necessary in the administration of these or other

sedatives. Persons who are prone to sea sickness should pay particular

attention to the state of the digestive tract for a few days before

sailing. A light diet should be taken, and the bowels should be

thoroughly cleaned out by small doses of calomel followed by a saline.

When on board the circumstances should be disregarded as much as

possible, the attention of the passenger being taken up in the pleasantest

way possible. A good meal may be taken, with a little stimulant. If

nausea set in notwithstanding these precautions, little or nothing can be

done to alleviate the condition. If the voyage is a short one the symptoms
will cease on the removal of the cause, and if the voyage be a long one the

patient must look forward to a few days wretchedness before he acquires

his sea legs. It should be mentioned, however, that a few cases are very

persistent, the patients becoming seriously ill, and requiring careful, nursing
and feeding, for days or longer, with iced stimulants.

Sea Voyages.

The plea for a sea voyage in therapeutics is a more restricted one than
was at one time in vogue. Cases of tuberculosis are now more suitably

treated at home under the more healthy hygienic regime of the open-air

methods of treatment. Cases of mental weakness, e.g. melancholia and the

like, should not be treated by sending the patients on a sea voyage (see
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" Insanity, Treatment of," vol. v.). In other diseases, when a sea voyage

may be thought of, the utmost care should be taken to ensure (1) that

the quality of the food should be of a kind favourable to the patient

;

(2) that the sleeping accommodation is all that is desirable; (3) that the

prospects of the patient having the desired amount of rest and pleasure are

fairly good.

Sebaceous Glands. See Skin, Affections of Glands.

Seborrhcea. See Skin, Affections of Glands.

Senile Insanity.
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Dementia.... . 74 Treatment . 80

Introductory.—The onset of old age is characterised by the setting

in of processes of atrophy, affecting almost all the organs of the body. It

is a phase of life as natural and physiological as is the growth of these

organs during the period of evolution. The material used up in the body

is no longer fully replaced by assimilation ; denutrition advances more
rapidly than nutrition, and atrophy results. Corresponding to the degree

of atrophy there is weakening and loss of the functional activities. The
grey hairs, the wrinkled skin, the toothless and sunken jaws, the tottering

and feeble gait, the loss of memory, and the weakening of the mental

vigour are all alike expressions of this process of regression and decay which
leads painlessly and insensibly to the death of the individual. To quote

Sir James Paget :
" Life is so far from being ' the sum of the functions that

resist death ' that it is a constant part of the history of life that its exercise

leads naturally to decay, and through decay to death." These involutionary

processes do not commence at any fixed age, and do not affect the organs in

any uniform course. In one individual the cardio-vascular system fails

early, in another the nervous system or the mental faculties are first to

give way.

As regards the nervous system, most writers agree that involution

should not begin before the sixtieth year. After that period of life the

brain, which has remained practically uniform in weight from the thirtieth

year, slowly decreases in volume. The convolutions, especially in the frontal

lobes, are generally atrophied, with a corresponding increase of cerebro-

spinal fluid in the widened sulci. The pia mater is thickened and milky.

Microscopically the brain shows many changes affecting not only the nerve

elements but also the blood vessels and supporting structures. The nerve

cells are shrunken, a yellow granular pigment forms in the cell and often

replaces the greater portion of the protoplasm. The chromophile particles

are diminished in number and their shape and arrangement are altered.

The processes atrophy and the gemmulse disappear. These changes are

very far from uniform even in the same brain area ; some cells apparently

escape them, while others may be represented merely by a small mass of

pigment. The neuroglia is increased, especially in the outermost layer of

the cortex, and there is as a rule subpial felting. The larger blood vessels
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are frequently the seat of atheroma ; the smaller ones are always affected

by a greater or less degree of hyaline-fibroid change.

Even in the brains of the most healthy persons, and in those who have
shown no mental symptoms, these groups of changes occur so constantly,

and in so marked a degree, that the nature of the process underlying

physiological senile involution is still a matter of debate. One set of

authorities regards the changes in the nervous elements as the primary and
all-important factor, holding them to be merely the expression of a gradual

decay and failure of energy. Others maintain that the nerve-cell degenera-

tion is secondary to a general autointoxication, caused by the atrophied and
altered state of internal organs leading to perverted metabolism, and the

formation of toxines, which, acting as irritants, cause the mentioned changes

in the neuroglia and vessels. From these changes, they hold, results the

atrophy and degeneration of the nerve-cells.

There is no doubt that pathological processes run more closely parallel

in senility to the physiological than at other periods of life, and age, in

itself, may thus predispose to pathological change, but this cannot become
actual without the influence of some other factor. A man's years are

merely the index of this modification of his relationships to disease.

Noemal Old Age.—Generally the first signs of the mental decadence

in old age are a gradual loss of memory, a weakening of the imagination

and of the affective faculties. The powers of assimilation and of reaction to

new stimuli become much slower. The attention is less prompt and more
difficult to concentrate on one issue. The judgment strengthened by a long

experience of life often remains sound, and the old man is able to direct his

juniors with that wisdom which has always been accredited to age. The
loss of the reproductive functions has restricted the mental horizon and has

lessened the intensity of a great group of associations, but it has also

rendered the physiological old man free from the impulses of passion and
of vice. He is neither apathetic nor subject to outbursts of anger. The
imagination no longer aids so briskly in dealing with new combinations of

circumstances ; where the younger man reacts to his environment, the old

man conforms to his past life. The natural longing is now one for rest, and
the more active position is often ceded voluntarily to the younger genera-

tion, whose enthusiasm is still not disillusioned. The facility of expression

in speech is diminished, and the articulation is slower and less distinct.

The gait and attitudes betoken diminished vigour. Though the power and
elasticity of the psychical and physical processes may be weakened, yet

they are in no way abnormal. As one writer has it, the normal old man is

comparable to a millionaire, who, having lost one hundred thousand pounds,

is still abundantly solvent.

Especially in the ranks of the very highly educated and cultured, there

have been in all times examples of grand old men who have conserved
their mental powers almost at the high level of their prime of life—men
famous in literature, in science, and in politics who live past the allotted

span and still do valuable and original work. In them it seems as if

involution has been arrested at a very early period and has remained
stationary. It is probable that an active and wide exercise of the mental
tissues may increase their force of resistance to degeneration. One
practical point is that the cultivation in earlier years of any hobby or

pastime, which can be continued after the person has retired from the more
serious business of life, is of great value in conserving a physiological

senility. It provides the means for mental exercise and recreation at a

period of life when new associations are with difficulty formed.
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There is an infinite series of gradations between the old man who has

retained his mental faculties almost unimpaired and those who are passing

to the confines of dementia. A varying degree of mental dotage may-

represent the termination of the greater part of humanity, but it must not

be looked upon as necessary and unavoidable.

Pathogenesis.—In the causation of departure from the normal type

we find that the chief factors are hereditary predisposition, vascular

disease, and toxic processes. Statistics show that while there is a much
larger actual number of persons insane between sixty and seventy years of

age than in the later decades, yet taken in proportion to the living

population in the same periods, the difference in ratio is by no means
great. The incidence in the sexes gives a slightly greater proportion of

females. Social state and occupation act only as they do in other forms of

insanity.

As regards hereditary predisposition, we may assume that even where
this is present, the inherited brain weakness cannot be so marked or so

potent as in those who are afflicted in earlier years with mental disorder.

There must have been a considerable degree of stability, otherwise the

brain tissue would have been unable to resist the changes during adolescence

and the climacteric and the stress of active life. As Dr. Clouston puts it

:

" To have survived, therefore, the changes and chances, the crises and perils

of life, with intact mental function until after sixty, means slight neurotic

heredity or great absence of exciting causes of disease." The statistics

given by the various writers differ considerably. Dr. Clouston gives 13

per cent, Dr. B. Lewis states his figures at 22 per cent, while Verga gives

a still higher proportion, but in all cases the percentage is lower than the

average for all cases of insanity. A tendency to early involution appears

in certain families unassociated with any exciting cause, and evidently due
to an inherent brain weakness. Closely related to hereditary proclivities

are those peculiarities which constitute the insane temperaments. In these

cases suspicion, egotism, diffidence, or avarice is present throughout life,

but may be kept in restraint while the person has the power of normal
reaction to his environment. As this, however, weakens in old age or by
an unrelational decadence accentuating these malformities, the person may
at the senile period pass the borderland and become insane.

Previous attacks may render the patient liable to break down again at

the senile epoch. These cases, while they do not come under the strict

category of senile insanity, yet have at this period most of the symptoms
of their aberration altered and coloured by the underlying process of

regression.

Vascular lesions act powerfully both as predisposing and exciting

causes of abnormal senility. The most common diseases are endarteritis

deformans, atheroma, and fatty degeneration affecting the larger vessels,

and hyaline-fibroid changes in the smaller vessels of the cortex and also

in the walls of the lymph channels. These changes, leading to a gradual

diminution of the lamina of the vessels, and to a thickening of their walls

whereby osmosis is diminished, cause a gradual malnutrition and de-

generation of the brain areas supplied by them. Thrombosis and embolic

conditions are prone to occur, and softening of small areas of brain matter
may ensue. Haemorrhage may also result from the rupture of miliary

aneurysms or from the walls of new vessels which frequently accompany
these changes. Dr. Ford Kobertson has found these softened or hsemor-

rhagic areas in 40 per cent of post-mortem examinations in cases of senile

insanity. The gross lesion may have been present only a few days in
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many of these cases, and may have been the immediate cause of death, but

the vascular changes which preceded them had always existed for some
time. These softened areas are in the great majority of cases multiple,

often affecting symmetrical areas in the two hemispheres. They may be

minute or microscopic, but often involve large areas, and wherever found

they point to widespread degeneration of the brain substance, such as could

not exist without abnormal mentalisation.

While not accepting the toxic theory as a cause of physiological re-

gression, we must admit that it is one of the greatest factors in the pro-

duction of pathological change. Indeed, in cases of typical senile insanity

the autotoxic basis is undoubted. As pointed out by Dr. Eobertson, the

process finds expression not only in the brain but in all the organs of the

Body. The liver is fatty and atrophied, the kidneys cirrhotic, the lungs

are emphysematous or show chronic congestion, the intestines are frequently

the seat of catarrhal changes. The toxines may either be formed in the

body or introduced from without. They act both as direct poisons to the

nerve cells and processes, and also by their effects on the vascular system and
neuroglia. Alcohol and syphilis are probably the two principal examples.

In many cases it will be found that alcohol has been indulged in for years,

without apparent result, yet when decadence sets in a pathological dementia

or some psychosis becomes evident. This may even follow, in cases who
have been temperate in their use of alcohol for years, as a result of excessive

drinking previously. The nerve cells are able probably to resist the effects

of the toxines during the period of nerve-cell growth and maintenance,

but so soon as their own involutionary regression sets in, then the slightest

interference with their nutrition acts powerfully, and determines that

their involution shall be pathological. Dr. Lewis has traced this cause in

no less than 40 per cent of cases. Syphilis also acts similarly, and though
quiescent for years, frequently exacts this penalty in old age. Influenza

has been increasingly evident in recent years as a cause of abnormal
senility. This is especially the case when there have been recurrences of

the illness. When there is a combination of these toxic-producing factors,

as in cases of syphilis with alcoholism, or where influenza follows one of

them, the tendency to degeneration becomes very marked. Eheumatism,
gout, and chronic Bright's disease are by no means uncommon members in

this group, and lead poisoning is also not infrequently noted. Over and
above these are the cases where the toxine results from perverted meta-
bolism in the intestinal canal or elsewhere. It is probable that the in-

toxication is in many cases due rather to a failure in the formation of the

protective alexins, than to an excessive production of morbid toxines.

Over-exertion of the brain, mental stress and worry, malnutrition and
traumatism are also frequent exciting causes. To have a physiological

old age it is necessary for a man or woman to have lived throughout a

physiological life.

Neueoses of Senility.—Apart from the psychoses and dementia,

there are certain symptoms of nervous disorder observable during the

senile period. These may be grouped into two classes : those associated

with changes in the vessels and blood- supply, and those in which the

supporting structures are involved. The first class contains cases with

symptoms of giddiness, vertigo, sickness, feelings of weight in the head,

and also subjective noises and visual phenomena. These are due in all

likelihood to alterations in the supply of blood to the different brain areas,

and when they are unilateral, as sometimes happens, they come closely

into line with megrimous attacks. Dyspnoea and asthmatic conditions
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especially in the early part of the night, are also notable. These are not

infrequently among the first symptoms of involution, and they may pass

off after the process is fully established. They are as a rule paroxysmal.

The second group have a more organised basis, and therefore a more
permanent character. Pareses, especially of muscles supplied by the

cranial nerves, passing off and recurring, paresthesia?, ansesthesise, ataxic

signs in the lower limbs, and transitory paresis or loss of power over the

sphincters, all belong to this class. Epileptoid seizures, and even true

epilepsy, may develop, and are always of grave import. There is a third

group probably due to toxic absorption. Slight fever accompanied by loss

of appetite and even refusal of food, confusion of ideas passing gradually

into a mild degree of stupor or hebetude. The condition lasts only for

twenty-four to forty-eight hours. It is probably a milder degree of the

toxic condition which forms the third group in the delirium of collapse.

Dementia.—Dementia, or senile dotage, is the termination of life in

most individuals. So common is it that its lesser degrees are accounted

almost normal by the large proportion of people, and those who have

retained their mental power unabated are considered fortunate and to be

congratulated. Verga even speaks of the "fatal psychical heritage of

longevity." In the majority of cases the person affected is able to pass

through the few remaining years of life without exciting attention or

comment, and it is only when the degree becomes marked that the

pathological basis of the condition is suspected by most. The dementia is

due to the involutionary processes setting in either precociously, or with

irregularity, or with so great depth and rapidity that the individual ceases

to keep pace with his fellow-men.

(a) Simple Dementia.—The onset may be exceedingly gradual and no

exciting cause may be noticed, or it may be determined by a slight illness

or change in the habit and mode of life. The memory is affected early.

The more recent events are in particular soon forgotten, while more ancient

facts are often vividly recalled. Names of friends, of places, or of articles

in daily use are with difficulty remembered when required, though they

may be used freely and correctly when no special thought is directed to

them. This loss of memory for names varies greatly from day to day.

Each new fact may be correctly perceived and appreciated at the time, but

forgotten at once. The memory trace of any recent event seems to be

readily erased from the mind tissue, whereas older ideas run in deeper and
more passable nerve channels. Those facts with many groups of associa-

tions present a greater force of resistance to the decay. Disassociation

follows the usual law of degeneration and passes progressively from the un-

stable to the stable, from the less organised to the more organised, and from

the less to the more automatic. Old histories and tales of past-time events

are repeated again and again without the person being aware of the

repetition. The man or woman comes thus to think and to live in a past

age. The value of any recent advance in science or art may be recognised

by them when first learned ; but soon forgotten, it ceases to mould their

actions and thought in the future. Intellectual and scientific knowledge

and business instincts little by little disappear. Ideas of time and space

are lost as the dementia deepens ; morning is mistaken for afternoon, or

spring for autumn, and they arrange their plans and their movements
accordingly, following a routine which life -long practice has rendered

automatic. They may wander from home and lose themselves in surround-

ings which were formerly well known to them. In the earlier stages the

judgment may be fairly sound, but the energy is lacking to carry out the
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chosen plan. Attention has become a reflex. The affective instincts and

feelings become weaker. They cease to take any interest in events, and

family happenings such as formerly influenced their conduct pass more

and more unnoticed. They may, on the other hand, become emotional,

grave or gay on the slightest or no provocation. They may continue to

be able to dress themselves, to feed themselves, and to go in and out in

their old daily manner, without perceiving the changing times and fashions

around them. In this second childishness they may reveal long preserved

secrets to a stranger, while there is a tendency to reticence regarding their

own symptoms, so that grave bodily ailments may be long concealed from

their friends. Speech, in the early stages slow, hesitating, and paretic,

becomes more disconnected and unintelligible, until it passes into an

incoherent jargon with perhaps automatic repetition of some meaningless

phrase. Sleep at night becomes more broken and unquiet, and the night

may be spent in wandering about the room. This is due frequently to the

rise of hallucinations of sight and hearing, or to feelings of anxiety or

vague oppression, which may be associated with cardiac weakness. During
the day, on the contrary, they may sleep for long periods with drowsy and

apathetic intervals. The appetite in the early stages is often good and

the food well digested. The acts of defalcation and micturition may be

easily performed. When these reflexes cease to act normally, and when
the old routine habits are no longer performed, dissolution is rapidly

approaching.

Concurrently with these mental changes there has been progressive loss

of the physical powers, so that it is only in rare exceptions that a com-

paratively healthy body exists with marked dementia. Some people as

they grow old become small and withered, lean and dried up, with

sharpened features and shrill voices ; others show a tendency to the

deposition of fat, an increase of bulk with imperfect texture, and they

become stout and flabby, slow in movement, and gruff in voice. The
bones become more fragile from atrophy and increased deposit of calcareous

salts, and the body assumes the incurved attitude with bowed shoulders.

The heart, which is often hypertrophied, beats more rapidly than in adult

life, and with irregularity in its action. The digestive system is subject to

disorder, and diarrhoea is frequent. Passing attacks of pareses, accom-

panied by inco-ordination and increase of the mental confusion, and with

rises of temperature, may confine them to bed for some days. They become
gradually more inactive, less able to be out of bed, and increasing weakness

leads by slow steps to death. This may occur from a slow marasmus, due

to failure of trophic power, but generally some intercurrent disease, an

apoplexy or thrombosis in the brain, or congestion of the lungs or pneu-

monia, cuts them off. Such is the course of simple dementia. Its duration

varies greatly. It may be taken as a rule that it lasts from two to four

years. There are acute cases in which all the stages are passed through in

from four to six months ; on the other hand, there may be periods of

remission in the progress of the disease, which may defer its termination

for some eight or ten years. A steady downward course is, however, the

more usual history.

(b) Complicated Dementia. — The course and character of simple

dementia may be altered or complicated by special features. Some of

these may be briefly considered.

1. Senile Paralytic Dementia.—Clinically, these cases are closely allied

to general paralysis, and histologically sections from the brain cortex of

the two states cannot always be differentiated; facts which point to a
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common origin, if not, indeed, to the identity of the two conditions. These

cases occur most frequently in males. The dementia is marked and rapid,

characterised by facileness and fatuity. There may be delusions of

grandeur more or less marked. In this class of case the motor weakness

is decided, and inco-ordinations, pareses of groups of muscles, inequality of

the pupils, paresthesia?, and other sensory phenomena, and early loss of

power in the sphincters, are present. Epileptiform attacks or congestion

seizures occur, as in general paralysis, and are often fatal. The course is

rapid and ends fatally, usually within eighteen months.

2. Dementia with Gross Lesion.—The symptoms vary greatly with the

situation and size of the lesion. When the damage is not too great, mild

enfeeblement of all the mental functions may alone be observable, and this

may not show the usual progressive nature. Usually there is irritability,

emotionalism, change of character, and there may be restlessness and
confusion, with degraded habits. When motor tracts are involved, aphasia

or paralysis of special muscles may complicate the mental condition, and
when hemiplegia or other marked result confines them to bed, trophic

lesions are prone to follow. Damage to the sensory areas is often accom-
panied by acute hallucinations— as, for example, when blindness results

from injury to the occipital lobes, the visions may be so vivid that the

person imagines he has regained his sight. Many of the cases with

gross lesions are very acute in their degree, and all require careful

attention.

3. Dementia with apsychosis.—Dementia, and the psychoses act and
react on one another, altering the symptomatology of both. The gradual

failure of the various centres forms a very favourable soil for the growth of

many false ideas, and for the rise of errors of judgment or impulsive acts,

which the coexistently weakened will power is unable to check. These

psychoses should be considered as a superadded factor in the clinical

picture of simple dementia. They are very changing in their phases, and
may pass off, leaving always the substratum of the quieter dementia.

They will be considered in the following section.

Psychoses of Senility—(a) Melancholia.—This is the most common
form of psychosis in senility, and it varies from the most mild to the most
acute forms. There may be merely a passing want of interest in their

surroundings, with feelings of inactivity and slight gloom. When more
decided there are two types of cases—first, those who are very depressed

and miserable with melancholic expression and attitude, who sit mute and
not moving voluntarily for hours. They are generally sleepless and
constipated, with feeble and irregular action of the heart, and with coldness

and lividity of the extremities. In these cases there are often feelings of

great dread of impending calamity or misfortune, associated with hallucina-

tions of sight and hearing. In the second type the mental reduction is

greater, and they are the restless, excited, and agitated class who emit

groanings and cries of despair. There are marked motor signs, "wringing

of the hands, and uneasy pacings up and down, passing into a state of

intense and inco-ordinate meaningless struggles, in which there is complete

oblivion to their environment, and where there are hallucinations of over-

powering vividness. Speech may be incoherent, rambling, and confused.

These persons have frequently delusions that they have committed great

sins, and pray incessantly to be delivered from the punishment they

imagine due for these. Attempts at suicide are thus not uncommon, and
may be repeated and desperate. This state is often associated with marked
arterio-sclerosis. When dementia is present the depression may, in the
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milder cases, only be recognisable by the expression and tone of voice, and
even when very marked, there is a tendency to automatism in their groan-

ings and movements which shows the underlying enfeeblement. These

motor signs may be present even in the last stage of dementia, but as a

rule their condition becomes then more listless and apathetic. There may
be tearless weeping, which comes and goes without observable cause. Hypo-
chondriacal symptoms are very common. They believe that their organs

are no longer acting properly, and that their food is not digested. This

may pass into a true delirium of negations, in which they deny everything :

" They have no body, no soul ; they do not exist." Even where dementia
is present, attempts at self-destruction or self-mutilation must be guarded
against.

(b) Mania.—Mental exaltation may occur at any period of senility.

The simplest form is that characterised by an increase of the feeling of

well-being. These persons are vain, dress to appear younger than they are,

and they assume the manners and engage in pursuits which have for years

been laid aside. An erotic taint in the conversation and conduct is often

observable. They may become so extravagant in their, acts,; and so over-

bearing in manner, as to necessitate their removal to an asylum. Their

disposition may change completely, and the hard-earned savings of a

lifetime may be spent in a few weeks. In the more advanced forms there

is, after a short period of depression, great excitement. They are sleepless,

the talk is rapid and incoherent, and the conversation may be obscene.

They shout, sing, and are very noisy both by night and day. They tear

their clothing, and their habits are often faulty and degraded. Onanism is

an occasional feature even in men long past this climacteric. In the

early stages the memory may be absolutely increased for short periods.

Eeligious ideas may tincture the general picture, as also delusions of

grandeur. The excitement and motor energy may be out of all proportion

to their physical strength, and may cause sudden exhaustion and death.

In comparison with the mania of other epochs of life, there is less of the

angry and vindictive type, so that attacks on others are not so frequent

as a rule. When associated with dementia, the increased activity and
obtrusiveness of the patient reveals the full extent of the enfeeblement.

The conduct is more childish, more foolish, and more changeable. The
mania may pass into a subacute or chronic state, with noisy restlessness

and destructiveness, and it is then very difficult to treat, the night

exacerbations being marked. The patients are often wanting in cleanli-

ness, and may pay no heed to the calls of nature. Degraded habits are the

rule. There is a well-recognised type, in which there are recurrent periods

of this excitement lasting a few days or weeks. The periodicity is

often marked, and each attack may be followed by an interval of re-

action and collapse before the normal course of the dementia is again

resumed.

(c) Ideas of Persecution and Paranoia.—As in other periods of life, the

rise and establishment of these ideas is slow and gradual. Delusions of

persecution and of suspicion are the most common. The increasing

difficulty of keeping abreast of younger and more active people is put

down to unfair treatment, and the inability of their friends to assist them
to animosity. There may be associated with these ideas of grandeur,

that their power and talents are better than ever before. These feelings

are often fostered by the persons living alone, and brooding over their

imagined grievances. In many of these cases there has always been an

unsociability of temperament predisposing to this condition. Delusions
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that their food is being poisoned, or that they are being acted on by some
unseen agency, are also frequent. Illusions are also not uncommon, and
errors of identity. Hallucinations of sight and hearing, and perversion of

special or common sensation are often the basis of these ideas. Delusions

regarding the bodily health, and often of the state of one organ, exist in

some cases, and these persons may nurse this imaginary ailment for years

without betraying any other mental abnormality. These cases do not show
any marked tendency to dementia in many persons, and may exist for

years. In dementia the ideas are less systematised and more irrational.

Failure of memory often causes them to think that their property has been

stolen, whereas they merely cannot remember where they have put it. In

the more advanced stages the delusions are many and fleeting, and affect

most of the systems. Each new fact as presented to them may be miscon-

strued, and may influence their thought and conduct for the short period

in which it is remembered, or until a fresh idea drives it from the field of

attention.

(d) Insane Acts and Moral Insanity.—Occasionally an old man who has

been ideal in his conduct throughout life startles his relatives and associates

by some act pointing to the loss of moral sense. He may commit adultery,

orhe may steal, or do some other crime. In these cases there is generally

more or less ;

[unconsciousness of the gravity of the deed. They are often

due to weakness or errors of judgment, or they may be impulsive acts.

When the deed is not in itself criminal, as in the case of an old man
marrying an unsuitable person, there may be difficulty in recognising and

treating it as due to mental aberration. When dementia is also present,

the abnormality of conduct is more apparent. Violent assaults may be

committed, not infrequently on old acquaintances, out of all proportion to

the offence against them, or from groundless ideas of persecution or

jealousy. Homicide may result from a slight quarrel, or suicidal attempts

made from some slight chagrin. There is in many cases a sensual nature

in these acts. The climacteric may be accompanied by a degree of

hyperactivity, or the enlargement of the prostate or other local irritation

may cause them. There is eroticism, sexual excess, or sexual perversion.

Indecent assaults may be made or indecent exposure of the person may
occur from this cause. Where the dementia is marked, the latter may also

be due to mere inability to appreciate the incongruousness of their surround-

ings. It may be accepted that the better the mental condition of the

patient, there is the greater likelihood of a repetition of similar acts, and

less chance of their recurrence if the person is enfeebled, so that dementia

is not altogether an unmixed evil in these cases.

Delirium of Collapse in Senile Cases.—In senility the delirium of

collapse shows several special features, which are of importance from the

fact that on their early recognition depends very frequently the issue of

the case. They may be grouped into three classes.

(a) Following Traumatism or Surgical Shock.—The traumatism may
vary greatly in severity. The delirium has been noticed after the passing

of a catheter or after eye operations, but usually the shock is more marked,

as after fractures, especially of the neck of femur. The patient looks

comparatively well for three or four days, and then hallucinations of sight

and hearing set in, often accompanied by some irregularity of the heart's

action. There are delusions of suspicion, motor restlessness, babbling,

incoherent talk, especially at nights, and involuntary groanings and cries.

The condition may pass off in a few days or it may lead to the setting in of

dementia or permanent paranoia. Many old people who die as the result
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of an injury have this delirium, and the cerebral excitement undoubtedly
hastens the fatal issue.

(6) Following Acute Illness.—In this group the most common forerunner
is an acute illness, such as pneumonia or influenza, but it may also occur in

the exacerbations of chronic Bright's disease or failing heart compensation.
The mental symptoms supervene a few days to a few weeks after the
exciting illness. There may be merely sleeplessness, exhaustion, and
restlessness, accompanied by suspicion and hallucinations, or the delirium
may pass into an acute mania or agitated melancholia with great excite-

ment. The prognosis is always grave in the acute cases, and the result

depends largely on the power of reaction of the heart to stimulants. If
the heart's action improves, the outlook as regards life is favourable, but
permanent enfeeblement very often follows.

(c) Acute Toxic Cases.—This group is the most important. The onset
is sudden, the course is sharp and acute, and its termination is generally
fatal. The patients have frequently been in failing health for some time, but
without any definite symptoms. They become suddenly sleepless, excited,
and agitated ; food is absolutely refused. They have very acute hallucina-
tions. There is a continual incoherent chattering, which rapidly becomes
unintelligible. There is marked confusion, and they are completely
oblivious to their surroundings. All motor acts are very inco-ordinate, and
the limbs are often in continuous movement, picking at the bedclothes,
clutching at objects in front of them, aimless tossings. They gradually
pass into coma. The physical signs are usually a subnormal temperature.
The pulse is very rapid, weak, and may be almost imperceptible at the
wrist. The heart -sounds are feeble and reduplicated. There may be
suppression of urine. The tongue is very furred and foul, and the teeth
coated with sordes. The whole alimentary tract seems to be paresed. The
abdomen is retracted, but the colon may cause bulging in the flanks from
distension. There is incontinence of urine and faeces from paralysis of the
sphincters. Death usually occurs within a fortnight of the onset of the
illness. These cases are so acute that they are frequently at once sent to
an asylum, where their early death is frequently a source of misgiving and
regret to their relatives. They are, in many cases, examples of an " ante-
mortem " delirium.

Diagnosis.—The diagnosis of the more common conditions is, as a rule,

not difficult. A thorough examination of all the organs of the body should
be made, and as complete a history, both recent and remote, as possible
should be obtained. All the muscles of the body should be tested, and
especially those supplied by the cranial nerves, for paralysis or other signs
of focal lesions. If such be present, or if disease of the vascular system
can be diagnosed, the mental condition is prone to be a progressive one.
This is also the case where alcohol and syphilis have been the exciting
agents. In examining the mental state, not only the abnormal features
should be noted, but also the degree of mentalisation that still remains
normal. From this, more than from the aberration, the diagnosis between
a simple psychosis and one with dementia is to be made.

The history of illness or accident, with the course of the mental
symptoms, is generally sufficient in the first two groups of cases of the
delirium of collapse. In the toxic cases, the absence of any definite disease,
the sudden onset, and the great prostration, along with the paresis of
the intestinal tract, are the chief diagnostic points.

Prognosis.—Dementia, when it has once become established, is irrecover-
able, and its course is a gradual downward one, terminating in death in
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from one to four years. The fatal issue is usually the result of some
intercurrent affection, such as pneumonia or influenza, or exhaustion from

diarrhcea, but a certain proportion of cases die from marasmus from gradual

trophic failure due to degeneration in vital brain centres. In the psychoses

the illness may, in a proportion of uncomplicated cases, terminate in

recovery, the person returning to a normal senility. This is especially the

case in the milder forms of mania and melancholia. This recovery may be

effected even in very old persons, and generally takes place within four to

six months of the onset of symptoms. The usual course is, however, for

the more acute symptoms to pass off and to leave a more or less marked
degree of enfeeblement. This may, however, be so slight that the patient

may be said to have recovered in many cases, though it may incapacitate

him from any active vocation. About one-fourth of cases terminate in

this modified recovery, and are enabled to pass the remainder of their lives

quietly at home. The longer the duration of the psychosis the greater the

tendency to marked dementia and death. Death results in about one-

fourth of cases within a year from exhaustion or intercurrent affection.

Apoplectiform symptoms are of very serious import, and few patients

survive the second or third seizure.

Treatment.—(a) General.—The first point to be considered is whether

the case can be kept at home or whether removal to an asylum is necessary.

There can be no doubt that most cases of senile insanity, including the

large majority of cases of dementia, can be satisfactorily treated at home.

The habits of life of the patient have become stereotyped to his surround-

ings, and removal from them in many cases hastens the dementia. It is

only where the excitement and noise is great, or where some special

symptom, such as violence to those attending him, or sexual perversion,

exists, or where delusions of suspicion against his relatives are present that

it becomes necessary to separate him from his old surroundings. The

means at the disposal of his friends must, however, be considered, and there

is no doubt that modern asylum infirmaries provide excellent nursing and

means of care and treatment. In the early stages, when the patient has

considerable will power, and where he is inamenable to management by

friends, it may be necessary to advise removal until the weakening of

these factors renders a return to home possible. In the toxic cases of the

delirium of collapse, the short course of the illness, even though the

symptoms are very acute, renders it advisable to try home treatment, or to

explain to his relatives that the delirium is frequently the percursor of

death, which may occur within a few days or weeks. In this class of case

the nearest asylum is the best, as any prolonged journey undoubtedly hastens

the end. It is probable that as the pathogenesis of these cases comes to

be more fully determined, that direct treatment by means of the equivalent

antitoxines may be adopted.

In home treatment, the first essential is a good nurse or nurses.

Females, with their greater kindliness and tact, are preferable, and even in

cases where heavy lifting, or some special point such as catheterisation,

renders a male attendant necessary, it is often valuable to have supervision

by a trained female nurse. In many cases relatives will answer well

during the day, and if the nocturnal exacerbations are marked, the trained

attendant may then be employed. In restless cases who wander uneasily

about the room, constant guidance is necessary to prevent a fall and

possible fracture. The rooms should be well aired and ventilated, and all

excess of furniture should be removed. The clothing should be warm, and

at night specially made flannel or woollen garments fitting moderately
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closely are necessary. These may be made fastening down the back, so

that the patient cannot easily divest himself of them.

The food should be light and easily digested, and special attention

should be directed to find at what hours it is best given in each particular

case. Little and often is frequently advisable. The last diet at night

should be non-stimulating, and one of the cereal foods serves the purpose
well. In all cases there should be frequent and repeated examination of

the stools for evidence of any fermentation, and especially when the diet

is a farinaceous one. When factor in the motions is present salol or

salicylate of quinine is frequently beneficial. Night alimentation in

wakeful cases often causes quiet rest to be obtained. Where food is

refused, it is best to begin forced feeding early. Peptonised milk or

gruel may be given at intervals by the oesophageal tube, or nutrient

enemata may be tried. Alcohol may be used in moderate amount if it

does not cause excitement or flushing of the face; given warm at

night, it often acts as an excellent hypnotic. Where there is constipa-

tion, saline purgatives may be given in small doses daily, but all aperients

should be given with caution, and especially in females enemata will

often be found preferable. In cases with pareses of the lower bowel and
sphincters, lavage of the rectum with large quantities of warm water,

injected about 15 ounces at a time and allowed to flow out by a return

tube, often gives great relief from the troublesome and repeated motions
from incontinence, and may be followed by some hours' quiet sleep.

Sleep should be permitted in all senile cases at whatever hour of

the day.

Tonics such as the compound syrup of the hypophosphites may be
employed to keep up the general nutrition, and cod -liver oil is also

valuable. In cases of forced feeding as much as one ounce three times

daily may be Well borne and absorbed. Strophanthus and digitalis in

suitable cases, by improving the state of the circulation, will often be found
to benefit the mental symptoms greatly.

(&) Particular.—The neuroses with vascular symptoms are often

benefited by the use of nitro- glycerine or caffein, and phenazonum in

15-grain doses may greatly relieve the paroxysms. In the neuroses

with signs of organic change, faradism to the affected muscles and limbs

and iodides are indicated. Simple dementia requires treatment on general

principles only. Where complicated with a gross lesion, the iodides, either

alone or along with bromides where necessary, are again the most service-

able drugs. In the cases of the delirium of collapse from shock or trauma-
tism, strychnine should be begun early, and its administration should be
pressed. In cases following acute illness, digitalis and strophanthus are

very valuable, and may be given along with diffusible stimulants. On the

improvement of the circulatory system often depends the issue of these

cases. In the toxic class of case there is almost no absorption from the

intestinal canal, so that hypodermic injection should be employed.
Stimulants such as ether and strychnine seem to relieve the symptoms
most. Paraldehyde is the best hypnotic, and in doses of 1| to 3 drachms
gives sleep quickly and without bad after-effects. Where the taste; is

objected to, it may be given by the rectum. It is particularly useful in

cases with weak heart or where there is cardiac dyspnoea. Bromides in

30-grain doses may produce sleep in the milder cases. Chloral is very
unequal in its results, and it may produce bad after-effects. Opium is of

great service in a limited class of cases. In mild melancholia with restless

agitation by day it often has an excellent sedative and hypnotic action,

vol. xi 6
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and it may continue to do so for long periods before increase of the dose is

necessary. In many cases, however, it deranges the digestion or causes an

aggravation of the symptoms. Sulfonal is the best of the motor sedatives,

and in 15 -grain doses, repeated three times daily, may control all the

motor excitement and may also give satisfactory sleep. It generally acts

well in recurrent mania, and its use may enable many of these noisy and
troublesome cases to be treated at home. Trional is not so uniform in its

results, but may be given where the sulfonal fails to act. Hyoscine may be

tried in some excited states, but requires to be given with great caution.

Hyoscyamus in conjunction with bromides often acts well in cases with

local bladder or prostatic symptoms. All patients require careful and
constant attention, and each fresh symptom should be studied and
provided for.
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See also Micro-organisms, Suppuration.

The terms saprseruia, septicemia, and pyaemia are in common use for

designating different forms of septic infection. In saprcemia the symptoms
are produced by the absorption of soluble toxic substances from the site

of a wound ; the causal bacteria do not themselves pass into the circulation.

In septicaemia the micro-organisms pass into the circulation, and the result-

ing clinical condition is due partly to the action of toxines produced at the

original site of invasion, and partly to the action of the micro-organisms in

the blood stream. The micro-organisms do not pass from the blood stream
into the tissues. In pyaemia the micro-organisms not only circulate in the

blood, but are deposited from the blood in different organs and tissues. It

should at the outset be mentioned that the distinction between these

different conditions is a practical one, founded largely on clinical experience,

and also to some extent on experimental investigations. There is no very
sharp dividing line between the different conditions, the differences being
mainly those of degree. The etiology of sapreemia, septicaemia, and pysemia
is similar.

The bacteria commonly associated with this morbid state are strepto-

coccus pyogenes, staphylococcus pyogenes aureus, albus, and citreus. These
frequently exist in combination. Many records have also been published
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describing cases due to unusual bacteria, e.g. pneumococcus, and bacillus

septicus putridus, and other forms. Much experimental investigation has«

been directed to a study of the toxic substances which give rise to septi-

caemia and pyaemia, but notwithstanding this it must be admitted that we
are not yet in a position to state decisively why one case becomes pyaemic

while another is septicaemia The secret of this is probably to be found in

variations in the individual reaction ; no two people react precisely alike to

the same toxic agent.

Clinical Features.—These are best described by reference to the

symptoms observed in a case of sapraemia. A few hours after a person

receives a bruise or cut, e.g. a post-mortem wound, constitutional symptoms
set in ; there is a general sense of discomfort, chilliness, with disinclination

for physical or mental work. The temperature becomes slightly raised, the

appetite is deranged, the tongue furred, with constipation and headache.

The urine may be diminished in amount ; the skin is dry, or, more rarely,

may be slightly clammy. These symptoms as a rule readily disappear,

provided immediate attention is paid to the wound and careful regulation

of the general health for a few days. The wound should be thoroughly

cleansed with a warm antiseptic lotion and thereafter suitably dressed.

The bowels should be opened by a saline draught, and the function of the

kidneys and skin stimulated by the free ingestion of bland diluent drinks

and the use of a warm bath. For a few days the diet should be of a light

and nourishing nature. Under this regime, as a rule, the symptoms speedily

subside, unless the patient's general resisting power was low at the time of

the injury, in which event the case may become one of typical septicaemia

or pyaemia. The general constitutional symptoms of septicaemia are the

same as those already mentioned, and it will suffice to refer briefly to some
special features of septicaemia. The site of invasion is the first point of

importance. While in a case of septicaemia following an open wound, as in

the above, the site of invasion is clear, not uncommonly no source of infec-

tion can be determined. In these circumstances the source of infection is

to be sought for in one or other of the free mucous surfaces of the body,

and more especially the gastro-intestinal tract and utero-vaginal mucous
membrane.

The Rapidity of Onset of Symptoms.— In sapraemia the symptoms
develop more quickly and reach their acme sooner than in septicaemia.

"Whereas in the former the temperature would speedily rise to 103° or 104°

F., in the latter the temperature and other changes are less severe in the

early stages.

Duration of the Symptoms.— If the symptoms described persist not-

withstanding the adoption of the appropriate measures already referred to,

the case may be regarded as one of septicaemia or pyaemia.

Pyaemia has in addition certain characteristic features. The temperature
chart is distinctive. It shows the swinging temperature of a general septic

infection, but superadded to this there are at irregular intervals sudden
exacerbations of temperature accompanied by rigors and heavy sweating.

In both septicaemia and pyaemia there may be gradually advancing emaction
with other symptoms, e.g. anaemia, jaundice, sweet-smelling breath, sleepless-

ness, delirium, and other symptoms arising from the severity of the general

septic infection.

Pathology.—The pathological appearances are similar in the two
conditions, but in pyaemia a special characteristic is the presence of

secondary foci of suppuration or septic infarctions in different organs
and tissues. The kidneys, lungs, and brain are the most frequent sites of
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these septic infarctions, as these organs have end-arteries ; while the liver,

'lungs, and kidneys are the most frequent sites of secondary abscesses.

Marked cloudy swelling of the liver, kidneys, and heart muscle is present

both in septicaemia and pyaemia ; the various serous membranes, the pleura,

peritoneum, or joints may be in a state of acute inflammation ; the blood

itself is usually fluid and markedly dark in colour. There are also

changes in the bone marrow, but the exact nature of these changes has

not been so fully determined in the human subject as in lower animals.

These changes are doubtless of the first importance.

Diagnosis.—The diagnosis of septicaemia is usually easy, but it is more
difficult to determine the exact source of infection in every case. We must
realise that the source of infection may be any one of the free surfaces of

the body, and each must in turn be the subject of investigation. In women
special attention should be paid, to the utero- vaginal mucous mem-
brane, and we must remember that a very small breach of surface may
suffice to allow of septic intoxication. Further, a hint of the possible

source of infection may be obtained from a careful inquiry into the clini-

cal history, which may reveal the fact that the patient had suffered

from a trifling leucorrhoea, indigestion, or haemorrhoids for some time pre-

viously.

The differential diagnosis has to be made from (1) various acute infective

fevers, especially typhoid. The all -important test here is the Widal
reaction.

(2) Tuberculosis may simulate septicaemia, but a careful examination
of the chest, and of the temperature chart and the clinical history, will

usually suffice to clear up this point. Great assistance may be obtained

from a histological examination of the blood. In tuberculosis leucopoenia

is present, whereas in septicaemia leucocytosis is the rule. (See article

" Leucocytosis," vol. vi.) In every doubtful case of this kind no investiga-

tion is complete without a careful examination of the blood, which must
include its examination by means of stained films.

(3) The blood investigation will be the means of making in addition a

differential diagnosis from malaria, whose symptoms may present many
features in common with septicaemia.

(4) Acute rheumatism and acute and subacute rheumatoid arthritis may
in certain cases simulate a general septicaemia. The differential diagnosis

is here not very important, as some distinguished authorities hold that

acute rheumatism is merely an attenuated pyaemia due to the action of

streptococcus pyogenes.

(5) Septic or ulcerative endocarditis is to be regarded as a form of

pyaemia, with the most prominent site of incidence—the involvement of

heart muscle.

(6) There are certain rarer affections, such as actinomycosis, abscess of

the liver, and the like, which occasionally may present difficulties in the

way of diagnosis.

Tkeatment.—The first essential is the surgical cleansing of any known
primary focus. If the sepsis is ascertained to be due to the streptococcus

the antistreptococcus serum may be employed, as cases have been recorded

where benefit followed its use. In cases of mixed infection this serum has

been found of little or no value. The medical treatment of the symptoms
must be carried out on general medical principles. The strength of the

patient must be maintained by suitable diet, i.e. one with ample albumin
and carbohydrate supplied in an easily digestible form. Stimulants may
require to be given freely. The temperature must be controlled by anti-
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pyretics, preferably by large doses of quinine, and salicylate of soda in com-

bination with phenacetin. Hydrotherapeutic measures are also of the

greatest service. Mere sponging of the limbs with tepid water and
ammonia or vinegar are useful in reducing the febrile state and conducing

to the patient's general comfort. Convalescence is usually protracted, and
it may be many months before the patient is finally restored to good

health. A degree of anaemia may persist for a long time subsequently

unless the case be suitably treated with blood tonics in the earliest stages

of convalescence.

Scrum Therapy. See Theeapeutics.

Seventh Nerve. See Facial Neeve.
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Sewage Disposal . . .92
In dealing with the question of house drainage, sewerage, and the disposal

of sewage and house refuse, it must be understood that the conditions laid

down are applicable both to town and country districts unless when special

distinction is made in the case of the latter.

The following are the essential conditions applicable to all drainage

systems :

—

1. Immediate and thorough removal.

2. Free ventilation of drains and sewers.

3. Perfect disconnection.
" In judging of the efficiency, therefore, of any sanitary appliance or drain

their self-cleansing capacity is an all important consideration, and no
system can be considered satisfactory which does not, in all its details,

comply with this condition. Of course, as regards the drains themselves,

it is hardly possible that flushing can be carried to such an extent as to

insure perfect cleanliness, and, in order to guard against nuisance, the second

essential, ventilation, must be complied with, the inlets being so placed

as to allow a current of air to pass along the whole course of the drains

towards the outlet ventilators, which should be carried up the houses, with
as few bends as possible, and terminate at points as far removed as practic-

able from windows and chimneys. Still, notwithstanding these precautions,

there is always a risk that the resistance offered by house traps will be
overcome, owing to air pressure in the drains, the result of a sudden inrush
of sewage or the accidental stopping of the ventilation openings, and to

guard against this the third essential becomes necessary, namely, that no
house wastes shall communicate direct with a drain, but discharge on to an
outside trap, the main drain itself being disconnected " from the sewer or

cesspool, as the case may be, by a free opening, on the house side of which is

the terminal trap of the system. An exception to this rule of disconnect-

ing house wastes has to be made, however, in the case of soil-pipes and
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slop sink wastes, which, for obvious reasons, must be directly connected

with the drain ; but as it is, or should be, the invariable practice to

carry up these wastes as ventilators there is little risk of the house traps

being forced, as the air pressure will relieve itself at the point of least resist-

ance.

In most houses the soil-pipe ventilator answers the purpose of the drain

ventilator, but if it should happen that the soil-pipe connection is not at or

near the top end of the drain, or if there are any long tributary drains with

which soil-pipes are not connected, it is necessary to provide special

ventilating shafts. In such cases, as the ventilating pipe will spring from

the dumb end of a drain, if iron is the material used, what is known as a

rust trap must be placed at the bend of the ventilators, otherwise the scaling

which invariably takes place will cause rust to collect at this point and

ultimately entirely close up the pipe. If lead pipes are used as ventilators

this precaution is unnecessary.

There are two systems of sewage and excrement removal in operation

—

the water-carriage system and the conservancy system. In the former case

solid fsecal matter is discharged into the drains from water-closets in, or in

connection with houses, while in the latter slop water only enters the drains,

provision being made for excrement disposal by privies, pails, or earth

closets, the last-mentioned being only practicable in the case of villages or

individual houses. There can be no question that the water-carriage

system is the right one, and it is now gradually replacing the objectionable

conservancy system in most towns.

The term separate system is applied to a water-carriage system in which

separate channels are provided for the rainfall, and, from a sewage disposal

point of view, it is important that every town should adopt this system as

far as possible, and so keep the volume of sewage to be treated within

reasonable limits.

Drains.—It is not an uncommon practice to use six-inch pipes for

house drains, but this is a mistake, as, even in the case of very large

establishments, four-inch drains are amply sufficient, and by increasing the

diameter beyond that which is necessary, the rate of flow of the sewage is

lessened, and the self-cleansing capacity is correspondingly diminished.

Although the use of iron pipes with caulked lead joints is now becoming
more common, the usual practice is to use glazed socketed stoneware pipes.

These should be carefully selected ; the sockets should be deep and perfectly

round, to allow of a good joint being made, and there should be no defects

in the glaze.

In laying drains the trench should be dug in sections, and have an

uniform gradient in the case of four-inch pipes of not less than 1 in 40,

care being taken not to remove more soil at any point than is necessary, so

that the pipes may rest on a firm bed. If the drain has to be laid in loose

or made up ground, it is necessary to lay a bed of cement concrete 6 ins. by
18 ins. for the pipes to rest upon. Where bends occur manholes should be

constructed, the curve being formed in the floor of the manhole by half-

channel pipes.

All joints should be made of Portland cement, care being taken to

prevent the cement from projecting into the pipe, and thus causing an

obstruction to the flow of the sewage. The best way of guarding against

this is to ram spun yarn, previously soaked in fluid cement, into the socket

to a depth of about an inch, the joint being completed either with neat

Portland cement, or a mixture of equal parts of cement and fine clean sand

(see Fig. 1). In laying the pipes the soil should be removed under each
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socket, so as to allow the bodies of the pipes to rest firmly on the bed of the

trench, and also facilitate manipulation in making the joints. Before filling

in the trench the drain should be tested in sections

by means of water, the lower end being sealed up by CEMENT SPUN YARN

means of a drain stopper, and a curved drain pipe

being temporarily fixed at the top end with its

socket turned upward at right angles to the drain

;

the water is then poured slowly into the drain

until it is filled up to the socket of the temporary
pipe, and if the water retains its level say for four

hours the section may be passed as sound. In
,, n ,

filling in the trench the soil must be carefully

packed on either side of the pipes in order to guard against the risk of dis-

placement and consequent fracture of any of the joints. It is well, if possible,

not to carry a drain under a house, but if this cannot be avoided the section

under the house should be entirely surrounded by 6 inches of cement
concrete, or, better still, iron pipes with caulked lead joints should be
used.

Sewers are constructed of pipes or built of bricks, according to their

size, and in the former case the same rules apply as in the case of drains.

Manholes should be constructed at intervals of not less than 100 yards, and
the convenient points for these are where tributary sewers join. It is

essential also to place a manhole at every point where a sewer has to depart
from its straight course.

Traps.—Traps are essential both in connection with drains and sanitary
appliances, but they have to be used with discretion, as they all have a
tendency to obstruct the flow of sewage. The only point at which a trap
should be fixed in the course of a drain is where it joins the sewer or cess-

pool, as the case may be, or as near that point as possible. Every inlet to
a drain, however, except in the case of water-closets and slop closets,

should be trapped; for example, down spouts and yard drainage should
discharge into gully traps, and all sink, lavatory, and bath wastes should
be trapped within the house and discharge on to a gully trap outside. In
the case of water-closets and slop-closets, as already stated, it is neither
practicable nor desirable to introduce any other trap than that which is

connected with the appliance itself. Cellar traps are a frequent source of
danger, first, because it is difficult to secure proper disconnection, and,
secondly, because they frequently become unsealed from evaporation owing
to infrequent use. It is desirable, therefore, to abolish cellar drains entirely,
as if they exist for the purpose of carrying away subsoil water the cellar

itself should be abolished, while if the only purpose they serve is to facilitate

the washing of cellar floors that is not sufficient justification for their being
provided.

There are various forms of traps, but the only satisfactory ones are those
which are designed on the principle of a syphon. The bell trap, the D trap,
and the dip-stone or Mason's trap are all objectionable, chiefly because they
are not self-cleansing, and the only forms which need be considered are the
gully trap and the syphon trap proper.

A good form of gully trap is shown in the drawing (Fig. 2) ; it is used
for the purpose of yard drainage or for receiving the discharge from down
spouts, and the wastes from sinks, lavatories, baths, and laundries. It will
be noticed that the one represented is provided with a bucket, which
facilitates the removal of any deposit which may take place; but this,

although a useful, is not an essential addition. Fig. 3 represents a syphon
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trap which is used for disconnecting the terminal drain from the sewer or
cesspool. It will be noticed that on the house side of the trap an opening
is provided, and this should be connected with a surface grating by means
of pipes, so as to act as an inlet for air to pass along the drain and up the
ventilating shaft or shafts at the top end of the system. A better arrange-
ment, however, is to construct a man-hole at this point (Fig. 4), with

Fig. 3.

which all the tributary drains may be connected as shown, this being the
only man-hole in the system which should have an open cover to act as an

Fig. 5.

Fig. 4

inlet for ventilation. It is not always possible to obtain a self-cleansing
gradient, in which case artificial flushing should be resorted to by means of

an automatic flush tank holding from 80 to 100 gallons, which should be
adjusted to discharge, say, twice a day. The best tank for this purpose is

Field's (see Fig. 5), which discharges by syphonic action even with a drop
supply.
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Cesspools should be avoided where possible, but in rural districts a

sewer is not always available with which to connect, and in such cases they

may be the only alternative. They should be constructed in brickwork

set in cement, and without overflows, a chain pump being provided to allow

of the sewage being pumped on to land periodically. If suitable land is

available, however, and the fall allows of it, the cesspool may be constructed

on the principle of the " septic " tank, to be presently described, the effluent

being applied to land ; or—as an alternative to land—a small biological

filter may be constructed in the manner set forth later, the area necessary

in the case of a household of from ten to fifteen persons being 2 super-

ficial yards, and the depth 5 to 6 feet.

Water-closets.—In constructing a water-closet attention should be paid

to the following points :—(1) At least one wall of the closet should be an

outside wall, in which there should be a window, and preferably the apart-

ment should be separated from the house by a short passage with cross

ventilation. (2) The apparatus itself should be provided with an ample

water flush, which should not come direct from the service pipe, but from

a special cistern connected with the service pipe by means of a ball tap.

Fig.

Fig. 6.

(3) The soil-pipe should be placed outside the house, being connected with

the drain below without the introduction of a trap, and carried up full

bore to above the eaves of the house as a ventilator. Between the closet

and the soil-pipe there should be an efficient trap, and to avoid the risk of

its becoming unsealed by syphonage, an anti-syphonage pipe should be

carried from the waste beyond the trap to join the soil-pipe venti-

lator above the highest junction—a precaution which is specially indi-

cated if more than one closet discharges into the same soil-pipe. (4) The
soil-pipe, which should not be more than 4 inches in diameter, may
be constructed of drawn lead with proper " wiped " joints, or if iron is

used the pipe must be sufficiently strong to allow of the joints being

caulked with lead, as if putty is used sooner or later the joints will become
defective.

As regards the apparatus itself several varieties are met with—good,

bad, and indifferent. The valve and wash-down are good types ; the pan
and wash-out are bad types; while the plug closet is not good enough
to be classed in the first category, nor bad enough to be included in the

second. As space will not allow of a detailed description of each of these

types of closet, only the valve and the wash-down will be considered in

detail.

All things considered, perhaps the valve closet (Fig. 6) is to be pre-



90 SEWAGE AND DEAINAGE

ferred to the wash-down (Fig. 7), but if economy has to be considered the

latter has the advantage. There is a good deal of mechanism connected

with the valve closet, and unless the workmanship is good throughout,

sooner or later the apparatus will get out of order ; it is important, there-

fore, in purchasing such a closet to select the very best, which is usually

the most expensive ; the simplest wash-down closet, therefore, if the design

is good, is to be preferred to a cheap valve closet.

With the aid of the drawing and the following description the chief

details of a valve closet will be easily understood :—It consists of an
earthenware enamelled basin (A) in which water is retained by the valve

(B), the flush being connected with an in-turned rim (C). By means of a

pull, the valve closing the 3-inch outlet of the basin is depressed into the

enamelled iron box (D), and the contents are thus discharged through the

short conducting pipe (E) into the syphon trap with which the closet is

connected. A lead overflow pipe (F), with syphon trap (G-), connects the

basin with the valve box, which should be ventilated by a pipe (H) carried

upwards through the wall to a convenient point where it may be cut short,

the object being to guard against syphonage of the overflow trap, and
provide a vent for any foul air which may accumulate in the valve box in

the event of imperfect flushing of the closet trap through carelessness.

In case of accident a safe or tray should be provided under the closet

with a waste-pipe (K), carried through the wall to discharge into

the open, a hinged flap being fixed at the end to prevent air from blow-

ing through the pipe, which in winter may freeze the water in the closet

pan, etc.

The wash-down closet requires little or no description, but it may be

pointed out that the chief features in a good appliance are a large water

area, a good depth of seal, and an outgo which allows of an efficient union

being made with the soil-pipe. When such a closet is fixed on the ground
floor the outgo should pass down to the floor, the extreme end for about

1| in. being free from glaze, to allow of a cement joint being made with

the drain, which should be carried upwards to the floor level in an easy

curve. The outgoes in the case of some wash-down closets are encased

in pottery, but this arrangement is to be condemned, as it is impossible

in the case of such an appliance to form a water-tight union with the drain

or soil-pipe, as the case may be. In the case of wash-down closets not on

the ground floor, lead outgoes are now frequently attached securely to

the earthenware by various patent processes, and thus the closet

can be properly connected with the soil-pipe by means of a wiped
joint. Previously considerable difficulty was experienced in making
this connection, but the above invention has entirely done away with

that.

The drawing (Fig. 8) represents a trough closet, which is frequently

used for schools and factories. The flush in this case must be automatic,

and the best tank for the purpose is Field's, which has already been
described.

Mention must also be made of slop water-closets, of which there are

many varieties, the slop water being utilised as a flush by means of an
automatic arrangement in the shape of a tipper. Of course, such closets

can only be fixed out of doors, and as compared with privies they are

cleanly appliances, but they cannot be compared with ordinary water-

closets from that point of view, and it is doubtful whether their introduc-

tion should be encouraged.

Lavatories, Baths, and Sinks.—The chief point to consider in connection
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with lavatories, baths, and sinks is the method of dealing with the waste.

In all such cases the waste should be carried through the wall, to discharge

on to a gully trap direct if on the ground floor, or into a rain-head com-

municating with a gully by means of a down pipe. It sometimes happens,

however, that the latter plan is inexpedient, owing to proximity to

windows, in which case the waste should communicate direct with the

down pipe, which should be carried upwards as a ventilator. No matter

which method is adopted, however, it is essential to fix a syphon trap

immediately under the outgo, as merely disconnecting the waste outside is

not sufficient. It frequently happens that more than one lavatory, or a

Fig. 8.

lavatory and a bath, has to be connected to a common waste, in which case

each individual waste should be trapped, and, as the traps are likely to

become unsealed from syphonage under such circumstances, antisyphonage

pipes should be carried from the crown of each trap to join a main pipe,

which is carried up outside the wall to join the ventilator of the main waste

pipe above the highest connection. Such an arrangement as applied to two

lavatory basins is shown in the drawing (Fig. 9).

Excrement and Refuse Disposal.—Both the privy midden and pail sys-

tems must be condemned as being most insanitary in all urban districts, as

well as in populous parts of rural districts, and. the only remedy is the

adoption of water carriage. In scattered rural districts, however, it may be

necessary to recognise one or other of these systems, but in such cases the

privies should be so constructed as to comply with every requirement set

forth in the model Bye-laws of the Local Government Board. At the same

time, however rigidly the Bye-laws may be adhered to, nuisance must arise
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from the storage of filth on any premises even for short periods, and, if

water carriage is impracticable, undoubtedly the best alternative is the

earth closet system, provided means can be devised to insure that an ample

supply of dry riddled soil is always available.

As regards dry refuse, movable receptacles with, at least, weekly re-

moval is the only satisfactory method for towns, and in some cases bi-weekly

or even daily removal is desirable. In country districts, however, fixed

receptacles may be allowed provided precautions are adopted to keep the

contents dry, and it is well in such cases, if privies are in use, to apply the

riddled ashes to the privy contents. As regards the ultimate disposal of

the refuse, waste land is usually available in rural districts, or farmers are

willing to remove the privy midden contents free of charge provided the

ashes used are riddled, but the proper solution of this difficulty is to burn

the dry refuse in destructors, a practice which, it is satisfactory to find, is

becoming more and more general.

Sewage Disposal.—Before dealing with the methods of sewage disposal

which are now generally adopted, it may be well to indicate what must be

accomplished by all methods if success is to be achieved, and it will prob-

ably suffice to set forth the essentials in the form of a table :

—

Essentials.

-p. f 1. The removal of all large suspended matters and inorganic solids, such
•

,

irst
•! as road detritus.

stage.
y g^ The removal or liquefaction of all solid organic matter in suspension.

Second / 3. The conversion of the inorganic matter present in solution into more
stage. \ stable (non-putrefactive) substances= nitrification.

No matter what method of disposal is adopted, the sewage must first

undergo a process of screening and partial subsidence in order to hold back

large floating matters and road detritus.

As regards the purification process proper, both in the disintegration of

the organic constituents and the subsequent conversion of the unstable pro-

ducts into stable non-putrefactive substances, bacteria are the active agents.

There is no such thing as the disposal of sewage by chemical methods ; all

that chemicals can effect is the mechanical precipitation of the suspended

solids (in large tanks), leaving the dissolved organic matter to be dealt with

by land or artificial filters as the case may be. It is true, the final

biological changes effected by land or filters are greatly facilitated by the

removal of the solids by chemical precipitation, but the resulting sludge has

to be disposed of, and this presents many difficulties. Now, however, it has

been established that the whole process of purification (unless in the case,

possibly, of very exceptional sewages) can be effected by bacteria, and thus

the difficult question of sludge disposal has been overcome.

Having regard, then, to what has to be accomplished, the following table

sets forth the different methods which may be employed :

—

Methods.

After subsidence of detritus :

—

{1.
Cameron's septic tank.

2. Scott-Moncrieff's upward flow cultivation tank.

3. Large grain Alters used as
{$

ggtam.
beds.
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Second 1.
T t , , ( (a) Broad irrigation.
Land treatment

|^ Downward filtration.

*«*
\2. Small grain filters used as

{$™« beds.

If chemical precipitation is adopted, the tank capacity provided should

at least equal one-half to two-thirds the daily flow of sewage, and it is

desirable in the case of large works to provide a plant for pressing the sludge,

otherwise the difficulty in ultimately disposing of it will be considerable.

But even when pressed into comparatively dry cakes the bulk of material to

be handled is considerable, and, because of its low value as a manure, it is

not always possible even to induce farmers to cart it away. Now, however,

in the majority of cases, there is no need to incur this large expense, as

the first as well as the last stage in the treatment can be effected by one or

other of the bacterial methods set forth in the table.

Cameron's Septic Tank.—This is a tank of sufficient capacity to hold

from one to one-and-a-half day's sewage flow. The sewage, after straining

and subsidence of the detritus, enters the tank a little below the level at

which it stands in it, the overflow being similarly arranged ; the object

being to cause as little disturbance of the surface as possible, and thus

allow of the formation of a thick scum which gradually becomes more or less

solidified, until'a comparatively firm permanent covering forms all over, thus

excluding light and checking loss of heat. Under such conditions the

anaerobic organisms multiply with enormous rapidity, and, the putrefactive

process being correspondingly hastened, in the course of from twenty-four

to thirty-six hours the solid organic matter is digested and liquefied, the

nitrogenous portion being converted chiefly into ammonia, the carbonaceous

into carbonic acid, and nitrogen, hydrogen, and other gases are evolved.

The sludge difficulty, therefore, has been overcome, and the organic matter

has been so altered in character as to allow of its being more readily dealt

with by the aerobic organisms in the second or purifying stage proper.

In Scott-Moncrieff's upward flow cultivation tank the sewage enters at the

bottom, and, passing through large stones or flints with which the tank is

filled, it discharges at the top, the theory being that the liquefying pro-

cess is rendered more rapid and complete because the stones form a breeding-

ground for the bacteria, which are thus brought into more intimate contact

with the sewage as it slowly passes upwards. Experience seems to show,

however, that the results obtained by either form of tank are practically

identical.

Large grain filters, or, more correctly speaking, percolation beds, will

accomplish the same objects, and it is likely that the process in this case

is aerobic as well as anaerobic. The tank is filled with particles of some
hard, non-friable material, and the sewage enters at the top and dis-

charges at the bottom, an arrangement which, of course, involves loss of

fall. There are two methods of working such a tank—it may be used as a

filter (percolation bed), or what is known as a "contact" bed. In the

former case the sewage is distributed over the surface and passes down-
wards in a continuous stream through the bed, whereas, in the contact

method the bed is rapidly filled, the outlet being closed, and the sewage is

allowed to remain stationary in contact with the particles for, say, two hours,

at the end of which time the outlet is opened and the sewage is rapidly

discharged, the bed being allowed to remain empty for a like period.

Various efficient means are available for the filling and emptying of the

beds automatically.

With regard to the comparative merits of the above methods all may
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be considered satisfactory, but, if the available fall is sufficient, probably

the large grain filters worked on the percolation principle are the most
satisfactory.

As regards the final or wholly aerobic stage of the treatment, in which

the unstable products of the first stage are converted into more stable non-

putrefactive inorganic salts, if suitable land is available and can be procured

at a reasonable cost, there need be no difficulty, and the method which will

yield the best results is intermittent downward filtration, the beds being

thoroughly drained at a depth of at least five feet, and the liquefied or pre-

cipitated sewage being discharged over the surface by the ridge and furrow

method. Unless the land is thoroughly satisfactory, however, it is pure

waste of money to attempt to make it so, as the same result may be achieved

by means offine grain filters.

As in the case of the large grain beds used in the first stage, these may
be worked on the " contact " method or as percolation beds, but as thorough

aeration is the all-important object in the second stage there is no question

whatever that percolation is superior to " contact." It is difficult, however,

to devise means of distributing the sewage finely and uniformly over a large

surface of filter, consequently the unscientific "contact" method is at

present most in favour. No doubt this difficulty of obtaining uniform

distribution will ultimately be overcome, and in that event the contact

method will unquestionably become a thing of the past. Had the " contact

"

method not been introduced, the probability is that the difficulty of distri-

bution would have been solved ere now, but with such a simple though less

efficient alternative available, engineers have, unfortunately, shown little

desire to solve the difficulty.

By a combination of the biological methods described it is now a com-
paratively simple matter to devise a plant for disposing of the sewage of

individual houses or groups of houses in rural districts, and in such cases

the percolation method of working the beds is easily provided for by a

system of trough distributors.
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The word "shock" is used in surgical literature to denote a state of

prostration produced by abnormal excitation of the peripheral nervous
system, and is thus distinguishable from " concussion," which follows direct

force applied to the central nervous system.
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" Syncope " and " collapse," often considered as special conditions, are in

reality only degrees of shock, the former being the first symptom, and collapse

the last, in a severe case. Some physicians prefer to use the term
" collapse " for that condition of exhaustion brought about by chronic

wasting diseases, severe toxic affections (e.g. typhoid fever, cholera), or

poisons introduced from without.

A more comprehensive enunciation of " shock " would be—the arrest

of some functions of the nervous system and a partial suspension of

others, produced by afferent nerve impulses conveyed to the brain by
the sensory and sympathetic nerve fibres. The impulses may be trans-

mitted by :

—

(1) Nerves of special sense, e.g. (a) the sight of a catastrophe
;

(b) the

hearing of serious news, or heartrending shrieks
;

(c) the inhalation of

irritating fumes into the nose.

(2) Nerves of common sensation, e.g. trauma by injury, heat, cold, or

chemicals to any part of the body, the parts more highly endowed with

sensation more readily resulting in shock—extensive superficial burns and
crushes of the fingers may be instanced ; and

(3) Sympathetic nerves plus nerves of ordinary sensation, e.g. injury to

the thoracic or abdominal viscera.

The condition of the central nervous system has also to be considered in

regard to

(1) Sensitiveness to impressions : emotional or nervous people, highly

organised or highly civilised individuals being more susceptible than the

phlegmatic or savage. It has been observed by physiologists that the more
complex the nervous system of an animal, the greater the liability to and
the intensity of shock.

(2) Altered conductivity of the nerve fibres and resistance of the nerve

cells to impressions from (a) their inherent vigour
;

(b) intense concentra-

tion of mind: a soldier in battle may be seriously injured and yet

continue fighting; (c) abeyance of function from anaesthesia, general or

local, or from the action of drugs (e.g. alcohol and opium).

Symptoms.—In mild cases the patient feels momentarily faint, the skin

turns a little pale, and almost as quickly again, as if by an effort of will or

inhibition, recovers.

If severe, he staggers towards a seat or falls, the lips become livid or

bloodless, the skin pale, and there may even be partial loss of consciousness.

Respiration may be temporarily suspended, then reappear in shallow gasps,

wanting the relief of sighs. The heart beats feebly and frequently, and the

pulse of course likewise. Surface temperature is much reduced (although

the rectal temperature may be only down a degree or two). A cold

perspiration bespangles the brow, and the individual exists by reason of

the automatic action of his two essential centres—the cardiac and
respiratory— his irreducible minimum. The patient loses heat rapidly in

ordinary surroundings, and the feeble circulation means feeble oxidation of

the tissues and deficient interchange of oxygen and carbonic acid

;

continued exposure, particularly if the trauma be severe or continuous,

will rapidly bring about a fatal result. Should the traumatism be severe,

as in the crushing of a limb, or an electric shock of high voltage, the

cardiac and respiratory apparatus may be immediately arrested, and death

be instantaneous. In severe burn cases there is probably added a toxic

element derived from the destroyed skin and blood, and we often notice

gasping respirations, an intensely livid colour of countenance, paralysis of

the sphincters, and rapid heart failure. If loss of blood be large, then we
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have in addition, singing noises in the head, increasing pallor, rapid failure

of pulse, great restlessness, and gasping respirations.

Signs of Recovery.—Increase of surface warmth, return of colour to the

lips and skin, improvement in the volume and steadiness of the pulse.

Bespiration becomes deeper and fuller, often accompanied by deep sighs.

The temperature of the body rises, and occasionally goes above normal, the

patient becomes more conscious of his surroundings and his pain, he often

vomits, particularly if the stomach had been full at the time of injury, and
one of the first requirements asked for is

n a drink."

Occasionally during apparent recovery, excitement and delirium super-

vene—the prostration with excitement of Travers ; but careful investigation

reveals either a previous history of alcoholism, some internal hemorrhage,

or septic complication. So-called traumatic delirium, except in the above

conditions, is practically unknown.
Deferred Shock is a term that has been loosely applied. That some

patients from force of will power, or extreme desire to reach some haven
of safety, can command strength to get there before collapsing, is well

known. Again, individuals deeply alcoholised are met with so insensible

to afferent impulses that they stump into the casualty room on the broken

end of a tibia, often rendering a simple Pott's fracture compound; but as

the alcohol is eliminated, sensations travel better, and the symptoms and
signs of shock appear. Generally, however, " deferred shock " must be

looked upon as indicating concealed hemorrhage, internal complications,

or sepsis.

Pathology.—At a post-mortem examination of a fatal case of shock

there is nothing characteristic. The heart may be arrested in diastole and

the veins found fuller than usual. We must seek rather the aid of the

experimental physiologist for an explanation of the phenomena of shock.

Interference with the relation of the nervous system to the circulation of

the blood offers the best explanation of most of the phenomena of " shock."

The performance of the functions of the body depends on an efficient blood

supply, controlled by the vaso-motor system, under the guidance of a centre

in the medulla. Eepeated slight or severe afferent nerve impulses, in other

words, a succession of nerve shocks, seriously inhibit the higher centres, the

vaso-motor arrangement is readily disturbed, and the hold the nervous

system has on the blood-vessels is temporarily suspended (reflex paralysis),

leading to a general dilatation of the arterioles particularly in the splanch-

nic (portal) area. A large influx of blood takes place into the abdominal
viscera, draining the other parts of the body, producing anemia of the

systemic area and a general fall of blood pressure. Ansemia of the brain

will be indicated by a failure of the higher faculties, will power, and tem-

porary loss of consciousness, while deficiency of supply to the heart will

bring about feeble action of that organ, or even arrest. That this effect is

produced through the central nervous system is well illustrated in Goltz's

well-known experiment of injury to the abdomen of the frog : marked
cardio-inhibitory effect is brought about; but if the pneumogastric nerves be

previously divided, the heart goes on beating normally. In shock as pro-

duced in an animal, the circulation becomes sluggish, blood pressure falls,

the specific gravity of the blood becomes higher, and the interchange of

oxygen and carbonic acid in the tissues is interfered with, hence the fall of

temperature. Eecuperative power is great, and if the irritation be removed
and the body of the animal kept horizontal, or the head kept lower than the

abdomen, the blood pressure quickly recovers and the symptoms and signs

pass off. On the other hand, placing the animal in an upright position
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leads to a fatal issue by causing cerebral anaemia and heart failure. Loss of
blood will exaggerate the shock and interfere with reaction.

Severe afferent currents produce molecular change in the nerve cells,
inhibiting their function and leading to fatigue or even exhaustion. A
powerful nerve current acts on the delicate nerve cell in a manner analogous
to the effect an electric discharge of high voltage has on a delicate electrical
instrument, completely disorganising it. This element of fatigue, exhaus-
tion, or molecular destruction of nerve cell has to be largely reckoned with
in shock, and must be borne in mind in the treatment.

To produce spinal shock it is essential that the cerebrum shall be in
normal relationship to the spinal cord. The following interesting communi-
cation of Professor C. S. Sherrington demonstrates this :

" Transection of the spinal cord of a dog at the lower cervical level
causes a great fall of blood pressure. If this be not fatal, the blood pressure
in the course of a few days regains its value to about three-quarters of what
it was. In the course of a few weeks the pressure is gradually restored to
normal height. If the animal is kept alive for three months, and then a
fresh transection is made a segment or two below the previous one, the
blood-pressure tracing now taken reveals no second fall of blood pressure at
all, nor is the knee-jerk even temporarily depressed. Hence spinal
transection per se does not produce spinal shock by mere trauma, the
trauma being the same in the second as in the first section."

To sum up, the following factors contribute to the production of shock :

(1) Reflex' paralysis, acting (a) on the heart through the medulla,
leading to a slowing or even arrest of the heart's action, (b) on the respira-
tory apparatus similarly.

(2) Interference with the action of the vaso-motor apparatus, leading to
great fall in blood pressure, inspissation of the blood, and interference with
the interchange of oxygen and carbonic acid in the tissues, and loss of
animal heat.

(3) Molecular change in the nerve cells, bringing about fatigue or exhaus-
tion of the nervous system.

(4) Hemorrhage. Complicating the above we must remember that in
most surgical injuries, haemorrhage occurs, influencing all the above
changes.

Treatment.— In slight cases, without serious trauma, rest in the
recumbent position and the administration of a diffusible stimulant is
generally all that is required. A sniff of smelling-salts and a dose of
brandy quickly bring about reaction.

In severe cases we have to consider the treatment of (1) the iniurv and
(2) the effects.

J '

(1) We must endeavour by " first aid " to prevent further loss of blood,
to remove the patient from the exciting cause ; to extinguish the fire, if the
clothing is aflame, and to promptly fix broken bones by any means at our
disposal.

The establishment in large cities of horse ambulances which are
immediately dispatched to the scene of an accident on receipt of a telephone
message, has done much to diminish the "shock" of former days, when
being roughly bundled into a cab and propped up in a corner was the usual
method of conveying the injured to hospitals. Modern ambulances are
fitted up with stretchers, and carry dressings and splints for all ordinary
emergencies, and are sent out with a competent senior student or surgeon.
Until the arrival of this hospital on wheels, the policeman on the beat—if
a street accident— has rendered valuable first aid from the store of

vol. xi 7
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knowledge acquired by him from demonstrations and lectures conducted by
the police surgeon. Hospital surgeons see daily the great good accomplished

in this manner.
The patient is to be placed horizontally to allow the circulation of the

blood to proceed with least impediment; if marked anaemia from loss of

blood, the foot of the bed or couch should be elevated 6 or 12 inches. The
quick removal of any tight clothing interfering with respiration, making free

use of a scissors if necessary, exercising care not to expose a large surface of

the body during undressing, and the avoidance of rough handling and
shaking.

Warmth is to be applied in the quickest available manner, by wrapping

in hot blankets, putting the patient to bed surrounded by hot bottles

(bricks, flat-irons, or oven -shelves are often nearer to hand in private

practice). Flannel wrung out of hot water over the precordia if the heart's

action is very weak, and in some cases of severe burn where the clothing has

been charred into the skin—immersion in a warm bath acts beneficially by

its heat, and allows the burnt clothes to be removed.

Eest and quietness are important—the absence of noise and strong

light, the prevention of worrying questionings by anxious friends, and the

fussy interference of ubiquitous busybodies.

The administration of stimulants in the form of brandy or whisky in

small doses diluted with hot water are most generally resorted to on account

of their wide distribution. Sal volatile or ether serve the same purpose, but

it must be remembered that absorption from the stomach may be at a

standstill, and the injudicious administration of large doses often do no more
than distend the stomach and hamper the already feeble heart. The effect

on the pulse must be carefully watched. The hypodermic injection of half

a drachm or a drachm of ether, of y^-oth gr. of digitalin, or, better still,

^o-th or more of strychnine, produce good effects, and can be repeated in

20 minutes or half an hour if necessary. When the respiration is failing,

atropine, gr. -g^th is often useful, and when great pain exists {e.g. " burn
"

cases), if the patient is able to swallow, an ounce of brandy with 15 or 20

minims of tincture of opium calms the excited nervous system and
stimulates the heart. When great excitement, or fear of impending death

alarms the sufferer, the hypodermic injection of ^th or |th of morphia

hydrochlor : has a beneficial effect. In a recent case of bullet wound of the

chest and feared injury of the heart, where the young man was in a terrible

state of alarm, a dose of morphia put him to sleep, from which he awoke
after a few hours wonderfully improved and calm.

In the use of hot normal saline solution we have the most powerful means
of combating shock. A high rectal injection of a pint or two of hot saline

solution (a drachm of common salt to a pint of hot water 105° to 110° F.)

with or without an ounce of brandy and ^ grain of strychnine, is at once

absorbed, like water on a blotting-pad, and produces a more rapid effect

than stomach medication. The pulse responds quickly, and the injection

can be repeated hourly, or less often, as judged requisite. The injection may
be made into the submammary and axillary connective tissue by hydrostatic

pressure—using a funnel, tubing, and the needle of an aspirator, care being

taken not to allow air to enter, but in extreme cases when circulation is

feeble and absorption at a standstill, and particularly where there has been

great loss of blood, the injection must be made directly into a vein—

a

superficial vein of the arm being generally chosen. An elaborate apparatus

is not necessary : a canula to fit the vein, two feet of rubber tubing, and a

four-ounce glass male syringe with sterile gauze packing for the piston (in-
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stead of the worsted and dirty tow generally sold), being all that is

necessary.

The apparatus is readily sterilised by boiling, the piston having been

withdrawn, and the solution made sterile (for all practical—emergency

—

purposes, some boiling water may be poured on to the requisite amount of

salt, or soloids made for the purpose, and cold water added until the right

temperature is attained). The whole apparatus is filled with the solution

before fitting the canula into the exposed vein, to prevent, of course, the

entrance of air. The canula is tied into the vein, which is clamped or tied

below, and the syringe elevated ; if the solution does not flow in quickly

enough, the piston is inserted and force applied to it. A finger and thumb
clamp the tubing at the nozzle, and enable the syringe to be withdrawn to

be filled again and reapplied, and this is repeated until 1, 2, 3, or even 4
pints has been injected. A dose of strychnine can be added if thought

necessary. After an injection of one or two pints, if rallying occurs, we
prefer to keep up the effect by rectal injections rather than repeat the

intravenous operation.

Artificial respiration should be immediately resorted to when breathing

has been arrested by shock from lightning, or electricity of high voltage,

and continued for twenty minutes or half an hour—after which time it has

not proved of any service. (See also " Asphyxia," vol. i.)

When reaction has been established, nourishment becomes essential,

small doses of beef-tea, the white of egg beaten up, wine whey and such

easily assimilated foods to begin with, milk in some form as soon as it can

be borne—a little at a time and often, and other additions when digestion

seems re-established.

Treatment of Wounds.—Although a temporary dressing may have been
applied, it is highly essential that the wound be thoroughly explored,

disinfected and dressed, with a view to prevent further irritation, and to

facilitate union by first intention if possible. Should the necessary

manipulation be likely to cause increased pain and shock, an anaesthetic,

local or general, must be used. Locally, eucaine or a concentrated solution

of chloretone will enable a wound of small dimensions to be thoroughly
explored, but if the injured tissues be extensive, a general anaesthetic

becomes necessary, to enable thorough cleansing to be carried out and
efficient treatment applied. Ether is the anaesthetic of choice in the

majority of cases.

Operations during Shock.—In the shock attending a strangulated hernia,

a ruptured bladder, or a severely lacerated limb, around which a tourniquet
has been placed, very little time should be lost before effectively dealing

with the cause. A few whiffs of ether act as a marvellous stimulant and
anaesthetic, and the operation should be carried out with celerity.

From the brilliant, lightning-like rapidity of prechloroform days we are

in danger in recent times, owing to anaesthesia, of dawdling over operations,

from a common, but erroneous notion that shock is not possible when a
patient is anaesthetised, except from loss of blood. Every prolonged
abdominal operation teaches the contrary : rough handling of the intestines

produces marked depression ; nerve currents still play, else how could the

patient's heart and lungs keep going ?

The patient must be well wrapped up in warm blankets or cotton

wadding bandaged on the limbs. If in pain, a hypodermic of morphia, or

atropine if the respiration is feeble, should be given before the general

anaesthetic. Many operations can, however, be carried out under local

anaesthesia, Schleich's method, or eucaine.
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A few well-chosen words of encouragement by the surgeon have often a

marked good effect. The anaesthetic is best administered away from the

scene of operation, amid quiet surroundings. The theatre should be well

warmed, 75° F. is not too hot. Many surgeons judge of the heat of a

theatre by its effect on themselves : it can easily be too hot for the fully

clothed operator, and yet too cold for a stripped and depressed patient. If

possible the operating table should be well heated by hot-water appliances

fitted in, or a liberal supply of hot bottles conveniently arranged.

If there has been great loss of blood, saline injection may be employed

before commencing, and in cases of faecal vomiting, washing out the

stomach is a very necessary preliminary.

During anaesthesia the patient should be horizontal, or, better still, the

head and shoulders on a lower level than the abdomen, to allow gravity to

compensate for loss of splanchnic vaso-motor tone. Experiments on dogs

placed under anaesthesia demonstrate a marked fall of blood pressure and

paralysis of the splanchnic vaso-motor tone, so that when the animal is

placed in the vertical position, an alarming fall of general blood pressure is

produced by the welling of the blood into the abdomen, recovering itself on

changing the dog's position back again to the horizontal.

Undue exposure of the surface of the body is to be avoided; and

rapidity, consistent with asepsis, and thoroughness, specially cultivated.

At the end of the operation, a quantity of hot saline solution left in the

abdomen, or after amputations a pint or more injected into an exposed

vein before final suture, acts as a tonic, by giving the heart a larger volume

to contract upon, and providing a large addition of heat. The injection is

often followed by a peaceful sleep, on awaking from which a feeling of

elation and general wellbeing is often noticed.

After a serious operation, recovery is much facilitated by isolation,

quietness, warmth, and the judicious use of stimulants, drugs, and saline

injections (see above). When reaction is restored, discriminate feeding

provides the nourishment to the harassed and fatigued nervous system and

the depleted vascular system.

With all that Surgery can suggest at our disposal we must be prepared

to meet with failure in some cases, when (1) the injury in itself is necessarily

fatal, (2) serious complications ensue, such as uncontrollable haemorrhage,

(3) a diseased condition of the patient's constitution prevents reaction, or

(4) when extreme juvenility, extreme senility, or a general feebleness of the

patient prevents recovery.

Prevention of Shock in minor Surgery.—It is advisable to perform all

minor operations when a general anaesthetic is not required with the patient

lying down ; syncope is then very rare. Local anaesthesia should be used

whenever possible, and rigid attention paid to all the details of aseptic

surgery. Such a proceeding as passing a catheter should be performed with

all aseptic precautions : washing out the urethra, the use of a sterile

instrument, and in very sensitive urethrae the preliminary injection of a

drachm or two of a 2 per cent solution of eucaine (cocaine is dangerous)

;

when these details are attended to, shock following catheterism will be hardly

ever met with.

LITERATURE.

—

Clifford Allbutt. System of Medicine, article "Collapse."

—

Erichsen. Science and Art of Surgery, 10th ed. clis. 8 and 12.—Greig Smith. Abdominal
Surgery, 5th ed.

—

Hawkins-Ambler. Article "Surgical Shock," Medical Annual, 1900.

—

Trans. Royal Soc, vol. 190, pp. 133, 134.— "Injection of Saline Solution in Shock," Lancet,

26th Nov. 1898.



SHOULDEE, DISEASES AND INJUEIES OF 101

Shoulder, Diseases and Injuries of.

Anatomy 102 Sprains .... 113

Bursal Enlargements 103 Infective Inflammations . 113

Treatment . 103 Acute Osteomyelitis 113

Congenital Defects— Tuberculous Inflammation . 113

Persistent Suprascapula 103 Syphilitic Inflammation 114

Obstetric Infantile Paralysk Acute Arthritis 114

or Erb's Paralysis . 103 Gummatous Synovitis . 114

Stunted Humerus 104 Chondro-Arthritis 114

Contusions 104 Arthritis Deformans, Osteo-

Dislocations of the Shoulder 104 Arthritis or Rheumatoid

Causes 104 Arthritis 115

Pathology . 104 Spinal Arthropathies 116

Signs and Symptoms . 105 Syringomyelia 116

Differential Diagnosis . 106 Tabetic Arthropathy or Char-

Prognosis . 106 cot's Disease . 117

Treatment . 106 Loose Bodies .... 117

After-treatment . 107 Paralytic Deformities of the
Irreducible Dislocations 108 Shoulder—

Treatment . 108 Paralysis of the Deltoid 117

Secondary and Habitual Dis- Paralysis of the Serratiis

locations . 108 Magnus.... 117

Treatment . 108 Causes .... 117

Rupture of the Biceps Tendois - 109 Symptoms .... 118

Treatment . 109 Diagnosis .... 118

Dislocation of the Acromiai Treatment .... 118

End of the Clavicle 109 Tumours—
Treatment . 109 Innocent .... 118

Fractures of the Acromiai Myelomata or Myeloid Tum-
End of the Clavicle 109 ours . 118

Treatment . 109 Malignant.... 119

Fractures of the Scapula 110 Treatment .... 119

Treatment . 110 Wounds of the Axillary Artery 120

Fractures of the Coracoii» Treatment .... 120

Process . 110 Axillary Aneurysm 120

Treatment . 110 Causes .... 120

Fractures of the Humerus 110 Treatment .... 120

Treatment . 111 Operations—
Separated Epiphyses— Opening Axillary Abscesses . 120

Anatomy . 111 Amputations 121

Treatment . 112 Disarticulation of the Shoulder 121

Separation of the Tuberositiess 112 Berger's Method of removing

Treatment . 112 the upper extremity . 121

Separation of the Coracoie Excision of the Clavicle 121

Process . 112 „ Scapula . 122

Treatment . 112 „ Head of the Humerus 122

Inflammatory Conditions 112 Ligature of the third part of

Simple Inflammations— the Subclavian Artery 123

Wounds . 113 Ligature of the third part of

Simple Synovitis . 113 the Axillary Artery 123

The shoulder consists of the chief joint formed by the scapula and
humerus, and of a joint of subordinate importance between the scapula

and clavicle. It is liable to many diseases and injuries, partly owing

to its exposed position, partly to the complexity of its structure, and
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partly to the fact that it is one of the most movable joints in the human
body.

Anatomy.—It is unnecessary to enter into full anatomical details, but

certain peculiarities of structure may be pointed out because they have a

direct bearing upon the pathology of the joint.

The shoulder is surrounded by muscles of great strength, except upon
its inferior aspect. The capsule is so loose that when these muscles are all

divided the humerus may be drawn away from the scapula for nearly an

inch. The capsule is thicker above than below, and it is reinforced on all

sides by accessory structures, externally by the coraco-humeral ligament,

behind by the tendons of the supraspinatus, infraspinatus, and teres minor,

in front by the subscapularis. The capsular ligament is perforated at three

separate places, viz., at the lower part and in front by the long head of

the biceps ; behind, where the tendon of the subscapularis enters to attach

itself to the lesser tuberosity, and by a less constant opening for the infra-

spinatus. The synovial membrane is for the most part simple in its

arrangement, but it is prolonged through these openings in the capsule, the

most complete prolongation extending along the tendon of the biceps,

which it surrounds in such a manner that the tendon passes through the

joint without opening into it. The actual articulating surfaces are neither

large nor complete. They consist of the pear-shaped and slightly concave

glenoid cavity of the scapula, upon which the ball-shaped head of the

humerus moves freely. The joint is protected above by the bony arch

formed by the union of the clavicle with the acromion, whilst on its inner

side is the hooked process of bone called the coracoid.

The epiphyses are numerous and important, because the apparently simple

shoulder girdle of man is formed by the fusion and remodelling of many
parts which are separate in the lower vertebrates. The more important

epiphyses in connection with the scapula are those of the acromion, of

which the upper one may remain separate throughout life, and that of the

coracoid process. In the humerus, the upper epiphysis forms the head of

the bone, and its line of attachment is marked by the surgical neck in the

adult. But this epiphysis is itself composed of a primary centre of ossifi-

cation, marked by the anatomical neck, with which are fused the epiphyses

of the greater and lesser tuberosity.

The superposition of bones, muscles, and muscular attachments at

the shoulder leads to the formation of many bursas. The chief of these

bursa? are the subcoracoid, the subacromial, the bursa beneath the

pectoralis major at its insertion, and the bursa between the tendons of

the pectoralis major and the teres major. A large multilocular bursa

lies beneath the deltoid, and there is a bursa beneath the infraspinatus,

when there is no prolongation of the synovial membrane of the joint at

this spot.

The axilla lies on the inner aspect of the joint, and its contents have to

be reckoned with in all injuries, and many diseases of the shoulder. The
space contains the vessels and nerves which connect the trunk with the

arm, enclosed in loose connective tissue, in which are embedded the lym-

phatic glands. The axillary space is closed below by the dense axillary

fascia. The connective tissue running in front of the vessels and nerves as

they pass through the axilla, is thicker and denser than in other parts of

the space. It is called the suspensory ligament, and is attached to the

clavicle above, enclosing the subclavius muscle. It then forms a sheath for

the pectoralis minor, and afterwards blends with the axillary fascia which it

supports, and renders concave downwards. It often opens out just before
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it joins the axillary fascia to form a little pocket, in which lie three or

four of the largest axillary glands. The suspensory ligament is important

in operating upon cases of cancer of the breast, for if it be removed entire,

the infraclavicular, the pectoral, and most of the subscapular group of

glands will also be removed, as they are closely attached to it. The

axillary fascia often presents an opening which resembles the saphenous

opening in the thigh. It transmits the intercosto-humeral nerve, and the

long thoracic artery. An axillary abscess may find its way to the surface

through this opening or weakened portion of the fascia, which is situated

midway between the anterior and posterior folds of the axilla, just at the

inner margin of the hair which grows in the armpit, but such an abscess

more often burrows towards the apex of the axilla.

The large axillary vessels and nerves lie in the outer wall of the axilla,

the long thoracic artery runs along the anterior wall, and the subscapular,

the dorsalis scapulas, and the posterior circumflex vessels are close to the

posterior wall. The line of safety, therefore, in opening an axillary abscess

runs from the centre of the axilla, not too near the apex, along the inner

or thoracic wall of the space.

Bursal Enlargements.—The bursas near the shoulder joint are numer-

ous, and in some cases, as has been shown, are in reality prolongations of

the synovial membrane. They may be acutely or chronically inflamed.

The acute inflammation may result from sprains or blows, the chronic in-

flammation is nearly always tuberculous. Osteoarthritis has often been

assigned as a cause, but inoculation experiments with the fluid obtained

from such bursas will nearly always demonstrate the presence of tuber-

culous infection. I have seen syphilitic enlargement of the bursas near the

shoulder in a few cases.

Treatment.—In the simpler cases the arm should be kept at rest, and

evaporating lotion or lead lotion may be applied, or the skin over the

enlarged bursa may be painted with liniment of iodine. It is not unusual for

the acutely inflamed bursas of worn-out Londoners to suppurate, and the

abscess must then be opened freely, and afterwards treated in the usual

manner. I open tuberculous bursas at once, evacuate their contents, and take

every precaution to obtain union by first intention, for if failure occurs the

joint is very likely to become involved, and a serious arthritis is set up. The

prognosis is not very good in tuberculous bursas. The inflammation often

heralds an arthritis, but the bursas sometimes become affected after the

joint is involved.

Congenital Defects.—Three kinds of congenital defect in the shoulder

have come under my notice from time to time.

Persistent Suprascapular—The scapula is occasionally fixed immovably

to the vertebral column, by a bridge of bone which passes from the

posterior border of the shoulder blade to the lower cervical vertebras.

The condition is usually associated with lateral curvature of the spine, and

with a considerable elevation of the shoulder on the affected side. The

bridge of bone appears to be an abnormal development of the supra-

scapular epiphysis, which usually exists as a narrow ridge of bone along the

posterior border of the scapula. It represents, therefore, the suprascapula,

and is an instance of a reversion in the human shoulder girdle to a type

which is only found in the lower vertebrates. Satisfactory results have

followed its removal.

Obstetric Infantile Paralysis, or Erb's Paralysis, sometimes occurs in

children born after a hard or protracted labour, even when forceps have

not been used. Soon after birth the arm is found to be unduly sensitive
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and partly paralysed, for it is held in a position of slight abduction and
full pronation. Little by little some use is gained in the arm, but the
growth of the limb is retarded, some of the muscles, and especially the
deltoid waste, and the shoulder looks as if it had been dislocated backwards.
Complete recovery is uncommon. The condition is due to stretching or

injury of the fifth and sixth cervical nerves before they take part in the
brachial plexus, so that the deltoid, the biceps, and the supinators of the
forearm are most affected.

Treatment.—The arm should be kept at rest so long as it is swollen and
painful. Massage and passive movements, especially in the direction of

supination, should then be carried out, and the child should be put through
a course of electrical treatment.

Stunted Humerus.—The epiphyseal line at the upper end of the humerus
undergoes a remarkable change both in sporadic cretinism and in achon-
droplasia. In sporadic cretinism the proliferation of cartilage ceases early,

and an ingrowth of fibrous tissue separates the epiphysis from the diaphysis.

In achondroplasia (see vol. i. p. 55) a similar series of changes take place in

the bones, but much earlier in fcetal life than those which occur from
sporadic cretinism. The humerus is very short, and is often curiously

thickened in both conditions, which are distinguished the one from the

other by absence of mental defects, and atrophied thyroid in these affected

with achondroplasia.

Contusions.—The exposed position of the shoulder renders it particu-

larly liable to injury from blows and falls. Severe contusions often

present symptoms which are out of all proportion to the signs, for the joint

remains painful and motionless for many days, although it can readily be
moved passively. In some cases the deltoid is temporarily paralysed, and
there is so marked a flattening beneath the acromion that the joint appears
at first sight to be dislocated. I prefer to treat these cases by massage and
gentle passive movement, as soon as the first symptoms of acute inflam-

mation have subsided, rather than by the older method of a shoulder cap
and rest.

Dislocations.—Dislocations of the humerus are amongst the com-
monest accidents a surgeon is called upon to treat : dislocations of the outer

end of the clavicle is one of the rarest. Dislocations of the humerus are

either traumatic, paralytic, or congenital. Traumatic dislocations are very
rare in children and in young adults up to the age of 20. They increase

in frequency from 20 to 60, and afterwards become less common as age
advances.

Causes.—Comparatively slight accidents are sufficient to produce a
dislocation of the humerus. A blow on the upper end and outer surface

of the humerus, a slip with the arm abducted, a fall upon the elbow or

hand when the arm is thrown behind the body are all well recognised

causes. But even such trivial accidents as an awkward movement, or a

sudden muscular contraction, may produce a dislocation of the arm,

especially in those who have already suffered such an injury on a previous

occasion.

Pathology.—Although the anatomical arrangement of the shoulder joint

does not allow of so rigid a classification of dislocations, as in the case of

the hip (vol. v. p. 15), the position of the head of the humerus usually

occupies certain definite positions when it has been displaced from the

scapula. The head of the humerus generally leaves the capsule at its lower

part, so that it lies below the glenoid cavity and upon the front of the

scapula to form a subglenoid dislocation. By the action of the muscles
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attached to the upper end of the humerus, or by subsequent movements of

the arm, the articular surface of the humerus passes forwards and a little

upwards, until it lies upon the neck of the scapula in front of the glenoid

fossa, and immediately below the coracoid process. An examination of the

shoulder by the surgeon some time after the accident shows the bone lying

in this position, and the subcoracoid is therefore considered to be the

commonest form of dislocation of the shoulder. In some cases the inward
movement may have been greater than usual, and the head of the bone
passes along the inner side of the coracoid process until it comes to rest

beneath the clavicle forming the rare subclavicular dislocation, when the

axillary vessels and nerves are in danger of compression. In all these

dislocations the capsule is torn at its inner and lower part with correspond-

ing injury to the circumflex nerve, the posterior circumflex artery, and the

subscapularis muscle. The outer and upper portions of the capsule may
remain uninjured, but the supraspinatus, the infraspinatus, and the teres

minor may be torn from their attachments to the great tuberosity, or the

great tuberosity itself may be torn off the humerus. The long head of the

biceps may be displaced from its groove, but it is not usually torn through,

or otherwise injured, and the head of the humerus is often deeply grooved

at its posterior part by the sharp edge of the glenoid cavity. Sometimes
the head of the humerus passes still more inwards until it lies beneath the

clavicle forming the subclavicular variety, and still more rarely when the

coracoid process is broken off at the time of the accident, the head of the

humerus may lie upon the scapular fragment to form the supracoracoid

dislocation. The head of the bone sometimes passes backwards instead of

forwards, either by a secondary movement, or as a primary dislocation

when the capsule is torn on the outer side of the joint. It then lies upon
the outer edge of the glenoid fossa, or beneath the spine of the scapula to

form the rare subspinous dislocation. Still more rare are the upward
dislocations, when the head of the humerus is forced up between the

coracoid and the acromion until it lies above the clavicle

—

the supraclavi-

cular form—and the downward displacement produced by forcible elevation

of the arm above the head, until the head of the humerus is displaced

so far downwards that the arm maintains its upright position forming
the luxatio erecta.

Signs and Symptoms.—Although dislocations of the shoulder are so

common, it is perhaps more often overlooked than any other injury except

a broken collar bone in children. This is due partly to the fact that the

patient does not apply for advice until some time after the injury, which
he considers to be a bad sprain or bruise, and partly because the signs are

somewhat more apparent at a distance and as a whole, than when the

shoulder is examined closely but with some carelessness of detail. It is

important, therefore, that a patient should be stripped to the waist when
he comes complaining of a painful and fixed shoulder after an injury. He
should sit in a good light at some little distance from the surgeon, with his

arms in a similar position on the two sides. The surgeon should then
compare the outline of the shoulders from the back, from the front, and
from the sides, before he touches his patient. He can hardly fail to

notice that the head of the bone is absent from the normal position, and is

lying at some other point. In the ordinary subcoracoid dislocation the

shoulder is depressed on the affected side, and the acromion projects more
markedly than on the sound side. The arm is held away from the side, so

that its long axis is directed towards the coracoid rather than towards the

acromion. This alteration in the axis of the arm stretches some of the
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fibres of the deltoid, which are thus brought into undue prominence,

causing the shaft of the humerus to appear as if it were bent inwards just

below the insertion of the deltoid. The arm, too, looks longer on the

affected side, because the head of the bone lies below its normal position

when it occupies the glenoid cavity. The anterior fold of the axilla looks

fuller than that on the opposite side, for the pectoral muscle is raised by a

rounded swelling which partly effaces the subclavicular fossa. The head of

the bone can always be felt in its new position, and both active and passive

movements of the shoulder are much hampered at the shoulder, for the

patient is unable to place his hand on the top of his head, or to put the

injured arm behind his back. Dugas' test is founded on this limitation of

movement. It consists in placing the hand of the dislocated side on the

opposite shoulder. If the shoulder be really dislocated the elbow will be

elevated, and will stand out prominently in front of the chest, and no force

applied in moderation will bring it flat against the sternum. Another test

consists in applying a flat ruler to the outer border of the humerus from

the external condyle to the acromion. If the head of the bone lies in the

glenoid cavity the ruler will stand out three-quarters of an inch, or more,

from the tip of the shoulder, but if the head of the humerus is displaced

inwards either by dislocation of the head or fracture of the neck, the ruler

will rest against the acromion. Both these tests, though they are widely

used, are open to fallacy—in the one case, from fear rendering the muscles

round the shoulder rigid ; in the other, from an undue amount of swelling.

I prefer, therefore, to trust to the general characters given above, assisted

by the use of the X-rays when there is any unusual difficulty or doubt.

Differential Diagnosis.— Severe contusions of the shoulder and para-

lysis of the deltoid may be mistaken for a dislocation, though the converse

mistake is the more common. In these cases the surgeon should assure

himself that the head of the bone is really in its natural position.

Fractures of the neck of the scapula, of the acromion and of the neck of

the humerus may be mistaken for a dislocation of the shoulder. The
occurrence of crepitus, and the recurrence of the deformity should the

surgeon have endeavoured to replace such an injury by manipulation,

will be sufficient to point out the true nature of the case.

Prognosis.—In the simpler cases the prognosis is good, as the patient

generally recovers the full use of his arm, but even here it is well to test

the action of the deltoid and the cutaneous sensibility over the shoulder on

the day after reduction, for the circumflex nerve is often bruised and may
be paralysed. From these simple cases a dislocation passes through every

grade of severity. It may be complicated by pressure on the axillary

vessels and nerves leading to serious after-effects. There may be a coinci-

dent fracture of the neck of the bone, or the dislocation may be associated

with a lacerated wound rendering it compound. In one or two instances

I have seen serious haemorrhage, due to laceration of the axillary vein and

of the posterior circumflex artery.

Treatment.—Reduction is the only proper treatment for a dislocated

shoulder, and this should be performed immediately. If it can be done at

once, whilst the muscles are still relaxed from the effects of the shock, the

head of the bone can usually be replaced without trouble. But they soon

become fixed by tonic contraction, and more skill is then needed. The
surgeon takes a great responsibility upon himself who waits even one

night before he reduces a subcoracoid or subglenoid dislocation of the

shoulder, for the head of the bone is pressing upon the axillary vessels and

nerves, often with disastrous results.
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As a general rule it is hardly safe to attempt to reduce by manipulation

a shoulder which has been dislocated for more than six weeks, and the

older the patient the less is the surgeon inclined to meddle with such

a case. Very serious accidents have occurred during attempts at reduction,

and it is wiser, therefore, in long-standing dislocations to cut down upon

the head of the bone, and then to replace or excise it.

Reduction.—The obstacles to reduction are the untorn capsule at the

upper and outer part of the joint, and the tonic contraction of the pectoralis

major and latissimus dorsi muscles. But the scapula moves so freely upon

the thorax that dislocation of the shoulder is not subject to the same rigid

rules of reduction as is the case in the hip (vol. v. p. 15). Two methods of

reduction are in common use, viz. Kocher's method by manipulation,

and Sir Astley Cooper's plan of extension. Both methods have their

advocates, and I have obtained equally good results from both. Kocher's

method is perhaps rather better fitted for old and delicate people ;
Astley

Cooper's for young and muscular adults.

Kocher's Method.—The patient is seated, and the surgeon stands facing

him and upon his injured side. He bends the elbow, and grasps it in one

hand whilst he seizes the wrist with the other. He then bends the elbow,

and adducts the arm until the elbow touches the trunk. The arm is

immediately rotated outwards as far as it will go, and being thus adducted

and rotated outwards the elbow is carried well forwards and upwards. The
whole arm is then rotated inwards, so that the hand sweeps over the chest

whilst the elbow is brought back to its original level. The bone slips into

place with a hardly perceptible click in a successful case, and the shape

and movement of the joint are at once restored. No violence should be

used, and the manipulation must be done in an orderly fashion. It is not

usually necessary to administer an anaesthetic.

Dr. Helferich explains the effects of the movements in the following

words :
" During the adduction of the arm the upper part of the capsule is

stretched, and the head is pressed against the edge of the glenoid cavity, so

that the later rotation turns it on this part of the scapula and not round

its own axis. When the arm is elevated the coraco-humeral ligament is

relaxed, and the head begins to pass through the rent in the capsule. The
inward rotation completely replaces the head of the bone within the capsule.

Sir Astley Cooper's Method.—The patient lies upon a firm bed or couch,

stripped to the waist. The surgeon removes his boot from the right foot

for the right shoulder, and from the left foot for the left shoulder. He
then sits facing the patient, and on a level with his knees, places his

unbooted heel in the axilla of the injured side, grasps the wrist or humerus,

and pulls steadily upon the arm, at -the same time carrying the limb

towards the middle line of the body, and pushing the upper end of the

humerus into place with his heel. A roller towel attached to the patient's

arm with a clove hitch, applied just above the condyles of the humerus, is

sometimes a great help in muscular patients, or in those with fat and heavy

arms.

After Treatment.—It is sufficient to keep the arm at rest by fixing the

hand to the opposite shoulder with a bandage, whilst a cooling lotion is

applied to the injured part. Passive movements should be commenced at

the end of a week, and in simple cases the arm should be set free within a

fortnight. But no dislocation should be allowed to go unreduced, and the

surgeon is bound to effect reduction even by operative measures, when
manipulations have failed, for unreduced dislocations of the shoulder result

in very painful and useless joints.
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Irreducible Dislocations.—A certain number of dislocations are irre-

ducible in the sense that the head of the bone cannot be replaced by the

ordinary methods of manipulation.

The co-existence of a fracture of the upper end of the humerus with a

dislocation of the shoulder is a not uncommon cause of irreducibility.

The method of treatment in these unfortunate cases has varied greatly.

It used to be the rule to wait until the inflammatory process had subsided

before the head of the bone was excised, and this rule is still a good | one to

follow if the surgeon does not see the patient until some time after the

accident, or if he is unable to operate immediately. But if the patient be

seen at once and the operation is not delayed, it is better to cut down
upon the front of the joint, reduce the dislocation and wire the fracture,

before the tissues have become softened and infiltrated.

The difficulty in reduction is sometimes due to the capsule being

detached from the scapula rather than torn through as is usual, and in old-

standing dislocations the condition of the capsule is one of the commonest
causes of the impossibility of reduction, whilst in other cases the muscles

become sclerosed and shortened, or the head of the humerus is altered in

shape. These cases are also best treated by arthrotomy and replacement
of the head if possible. Resection must be performed when the humerus
cannot be replaced without undue difficulty. It is most important in the

case of children that the epiphyseal cartilage should not be injured, and
only the ossified portion of the head should be removed, the epiphyseal

cartilage being carefully spared. The resected end of the humerus too

should not be pushed into the glenoid cavity, lest the growth of the bone
should cause anchylosis. In adults, on the other hand, it is the rule to

push the resected end of the bone into the glenoid cavity when regenera-

tion of the bone is expected. The operation of resection or excision of the

shoulder is described on page 122.

Secondary Dislocations of the Shoulder

Secondary dislocations are either associated with paralysis of the

deltoid and | scapular muscles, often due to poliomyelitis, or they are

seen after destructive inflammation of the joint, and as recurrent disloca-

tions they occur after traumatic dislocations as a result of causes which
are too slight to displace a normal joint. The causes of habitual disloca-

tion are many. The chief causes being laxity of the capsule of the joint,

partial fracture of thejiead of the humerus or of the glenoid cavity, tearing

away of the muscular insertions, and rupture of the tendons around the

joint, and abnormalities in the shape of the head of the humerus, probably

the result of chronic non-suppurative inflammation.

The treatment of recurrent dislocations of the shoulder joint should

be by massage and exercises. The exercises should be made against

resistance, and should be especially directed to the development of the

atrophied muscles. Abduction of the affected arm will cause contraction

of the deltoid, whilst a course of electrical treatment will assist in causing

them to contract. The shoulder should be shampooed daily, and the treat-

ment should be continued for three months. If the dislocation recurs at

the end of this time, an operation may be performed to expose the front

of the capsule, which is then resected and shortened by the insertion of

sutures.
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EUPTURE OF THE BlCEPS TENDON

May result from any of the accidents which usually cause dislocation of

the shoulder. The head of the humerus is drawn upwards and forwards in

its socket until its further progress is stopped by the acromion and cora-

coid processes and by the coraco-acromial ligament. The condition was
known at first as partial displacement of the long head of the biceps

—

though there is no pathological evidence to show that such displacement

ever occurs without rupture—and afterwards as partial displacement of the

head of the humerus, in the belief that the capsule in such cases was
stretched, but not torn. The treatment is the same as for ordinary dis-

locations of the shoulder, viz. reduction and subsequent rest of the joint.

Dislocation of the Acromial end of the Clavicle

The acromial end of the [clavicle may be dislocated alone or simul-

taneously with the sternal extremity, and the displacement is either

incomplete or complete according as the acromio-clavicular ligaments alone

are ruptured, or both the acromio-clavicular and the coraco- clavicular

ligaments are torn. The condition is painful, and the attitude of the

patient is similar to that assumed in a broken clavicle, for the patient

supports the elbow of the injured side with the uninjured hand, whilst he
bends his head towards the affected shoulder. The abnormal projection of

the collar bone on the affected side is very evident, the arm falls towards
the chest, and the cavity of the axilla is diminished, whilst the head of

the humerus and the acromion are less prominent than on the sound side.

Treatment.—Eeduction may be difficult owing to the acromial end of

the clavicle becoming entangled in the anterior fibres of the trapezius, but
usually it is as easy to replace, as it is difficult to keep the two bones in

apposition. The treatment generally adopted is to bend the elbow to a

right angle, and then carry a long strip of adhesive plaster, three inches

wide, under the forearm close to the olecranon, bringing the ends along
the front and back of the arm to cross over the end of the clavicle, and
adhere to the chest wall in front and to the scapula behind. The forearm
is then supported in a large arm sling (vol. i. p. 456), and the arm is

bound to the side with a bandage. When this method fails, and there is

much loss of function or great deformity, no hesitation should be felt in

uniting the outer end of the clavicle to the acromion with a stout silver

wire.

Fractures

Fracture of the scapula, humerus, and clavicle occur in the immediate
neighbourhood of the shoulder at all ages and in both sexes.

Fractures of the acromial End of the Clavicle.—The outer end
of the clavicle may be broken between the conoid and trapezoid ligaments
or external to the trapezoid. Fracture between the ligaments is a rare

accident, accompanied by pain and crepitus, but without any displacement
of the two fragments. Fracture beyond the coraco-clavicular ligament is

more common, and there is considerable displacement. The fragment
attached to the scapula is drawn downwards and inwards by the weight of

the shoulder, and action of the muscles attached to the shoulder until it

may even unite at a right angle with the rest of the clavicle.

Treatment.—A simple sling with a piece of lint soaked in some evaporat-
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ing lotion should be sufficient when there is no displacement, but when
the displacement is marked and is not remedied by the application of

Sayre's method of strapping the arm (vol. iv. p. 21), the fragments should

be wired together.

Fractures of the Scapula.—The scapula in the neighbourhood of

the shoulder may be broken at the neck or at the edge of the glenoid

cavity ; the acromion may be fractured or the coracoid process may be

broken. Fractures of the neck and edge of the glenoid cavity have been

usually associated with dislocation of the shoulder, for which they may be

easily mistaken.

Treatment.—There is but little to be done for these injuries except

to reduce the dislocation under an anaesthetic, to keep the arm at rest,

and to protect it from accidental injuries by the use of a shoulder cap,

a small axillary pad often being serviceable in supporting the shoulder.

A fractured acromion is recognised by the flattening of the shoulder,

the depression of the arm, and the interruption in the bony ridge which it

forms with the spine. It should be remembered, however, that some at

least of the apparently ununited fractures of the acromion are in reality

instances of epiphyses which have never been united to the bone.

Fracture of the Coracoid Process.—The coracoid process is not

often broken, but it may be fractured by direct violence, by dislocation of

the head of the humerus upwards and forwards, by extreme flexion of the

shoulder-joint when the coracoid is brought into forcible contact with the

under surface of the clavicle, by sudden muscular action, and even by falls

upon the elbow. There may not be much displacement, or the broken

fragments may be widely separated, being drawn downwards by the action

of the muscles attached to it. Bony union takes place when the parts can

be kept in apposition.

Treatment.—The forearm should be fully flexed, the arm being brought

forwards over the chest-wall and secured in position by strapping, whilst a

pad is placed over the acromial end of the clavicle.

Fractures of the Humerus.—Fractures of the upper end of the

humerus are more frequent and more important than those of the scapula.

They may be divided broadly into the rare intracapsular fracture through

the anatomical neck of the bone and the extracapsular fracture through

the surgical neck. The actual line of fracture, however, is usually so

irregular that it is partly within and partly outside the attachment of the

capsule. Either form of fracture may be impacted.

Causes.—The cause of the fracture is generally a direct blow or fall

upon the shoulder, though it is sometimes produced by indirect violence, as

by a fall upon the elbow or hand. It is more common in middle-aged and

old people than in children or young adults.

Pathology.—The fracture is situated above the attachment of the large

muscles into the shaft of the humerus, and the upper end of the lower

fragment is therefore drawn upwards and inwards towards the coracoid

process, whilst the head and neck of the bone is abducted and rotated

outwards.

Signs and Symptoms.—The pain is often well localised owing to pressure

upon the nerves, and there may be great and rapid swelling of the shoulder

due to haemorrhage from laceration of the circumflex arteries. There is but

little deformity in the immediate neighbourhood of the shoulder, for the

head of the bone is in its place and bears the normal relation to the

acromion, but it is difficult to feel the coracoid. The arm hangs nearly

vertical, and when the elbow is brought to the side the hand on the injured
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side can be made to lie on the opposite shoulder, thus distinguishing the

injury from a dislocation. There is a shortening of three-quarters to one

inch in the measurement from the acromion to the external condyle on the

injured side. Crepitus can be elicited by firmly grasping the head of the

bone and rotating the elbow. The diagnosis from symptoms is very obscure

in cases of impacted fracture, as, except for the shortening, the other signs

are absent. The radiograph, however, is of use in these injuries.

Treatment.—The treatment consists in applying a bandage to the hand
and arm. A small pad of wool powdered with zinc oxide or starch is then

placed in the axilla, and the elbow is carried well across the chest to

counteract the inward displacement of the lower fragment. It will some-
times be found advisable to mould a guttapercha shield reaching from the

middle of the clavicle to the upper part of the forearm, which is flexed at a
right angle, and sufficiently large to fit the outer, anterior, and posterior

aspects of the limb. Passive movements should be commenced on the

fourteenth day in simple cases.

The prognosis is good, but a dislocation may be combined with the

fracture, and the upper fragment may be so twisted that it can only be

replaced by manipulation when the patient is under an anaesthetic.

Separated Epiphyses.—Anatomy.—The upper end of the humerus is

developed from three centres which blend with each about the sixth year,

and form the fully ossified head at the age of puberty. The three centres

are one for the head, one for the great tuberosity, and one for the lesser

tuberosity. The united upper epiphysis is cup-shaped, and includes the

two tuberosities, the upper fourth of the bicipital groove, the whole of the

head and anatomical neck, as well as a very small portion of the bone
external to the lesser tuberosity.

Pathology.— The whole upper epiphysis may be separated with or

without displacement, or the great tuberosity may be detached separately.

Separation of the whole epiphysis occurs most frequently between the ages

of ten and fifteen, though instances are recorded from birth up to twenty-

five. It is produced by falls or blows upon the shoulder, and when the

whole epiphysis is detached the violence is often sufficient to make the

injury compound. The diaphysis is either completely or incompletely

separated, and when it is complete the end of the shaft may be displaced

in any direction.

Signs and Symptoms.—The arm hangs helpless against the side of the

body, with the elbow drawn slightly away and projecting backwards or

downwards according to the displacement. There is abnormal mobility

just below the shoulder joint, so that the arm can be brought close to the

side, and passive movements are free though painful. There is often great

pain,'and the swelling is rapid and considerable, involving the whole of the

shoulder and the upper third of the arm. The shoulder is increased in

width antero-posteriorly, and the head of the bone occupies its normal
position. There is muffled crepitus, and the arm is not materially altered

in length.

Differential Diagnosis.—The separation of the whole upper epiphysis

has to be diagnosed from a dislocation, which is one of the rarest accidents

in children, from true fracture of the surgical neck, from separation of

either tuberosity, and from sprains and contusions.

Prognosis.—The prognosis is good in the simple cases, though there may
be some arrest of development, but there is often so much stripping of the

periosteum from the shaft of the humerus that periostitis and necrosis may
take place. This separation of the periosteum forms an additional danger
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in compound injuries, which I have seen followed by rapid death from

pyaemia.

Treatment.—The patient should be anaesthetised, and the diaphysis

should be methodically replaced by steady traction upon the arm, aided by
slight abduction and rotation. Splints should then be applied, and the

shoulder treated as if for a fracture, by flexing the forearm and bringing it

forwards so that the fingers lie upon the opposite shoulder. This carries

the elbow well across the chest, and the injured arm is then fixed securely

by a broad flannel bandage. Some means of extension may be employed
advantageously in older children. Massage, supplemented by a judicious

use of electricity, will be of great service when there is loss of power with

muscular atrophy. It should be commenced about the beginning of the

third week after the accident.

It is sometimes impossible to reduce the displaced upper end of the

diaphysis, and in these cases, when there is great displacement, deformity,

and interference with the movements of elevation and rotation of the

shoulder, the question of excision of a portion of the bone may be advan-

tageously considered with or without subsequent wiring.

Separation of the Tuberosities.—The great tuberosity is usually torn

off by direct violence, though it has been detached by muscular force. The
tubercle is drawn upwards and backwards towards the back of the acromion

process, whilst the shaft of the bone is pulled upwards and inwards.

Symptoms.—These changes in position lead to a great widening of the

shoulder, which is best seen by looking at the patient sideways or from

behind, and there is a marked prominence of the coracoid process on the

injured side. The separated epiphysis can often be taken between the

finger and thumb, and can be moved into its natural position, and if the

arm be extended at the same time, the deformity is temporarily overcome.

Treatment.—The best results are obtained by putting the patient to bed,

raising the arm above the head, and securing it in such a position that the

greater tuberosity lies over its point of separation. When from any reason

the patient cannot be kept in bed, a guttapercha or leather cap should be

moulded to the shoulder, and fitted on its inner surface with a pad to retain

the great tuberosity in position.

The lesser tuberosity of the humerus may also be detached, but I have

not yet seen a case. Some surgeons treat both these injuries by wiring the

detached fragment of bone to the humerus.

Separation of the Coracoid Process.—The entire epiphysis of the

coracoid process may be separated, or only the small apical portion which

has a separate centre of ossification. The whole coracoid process cannot be

separated as an epiphyseal injury after the seventeenth year. The accident

is usually the result of very severe violence applied directly to the front of

the shoulder.

Symptoms.—The symptoms are pain over the coracoid process, inability

to raise or adduct the arm in consequence of interference with the attach-

ment of the biceps and coraco-brachialis muscles. Abnormal mobility of

the detached process and muffled crepitus. The injury may be complicated

with dislocation or fracture of the humerus, or with dislocation of the outer

end of the clavicle.

The treatment consists in keeping the arm and forearm fully flexed to

relax the muscles attached to the coracoid process, whilst the elbow is

supported and the whole arm on the injured side is bound to the chest.

Inflammatory Conditions.—The shoulder is not especially liable to

inflammation, and the war in South Africa has shown that it may be
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very severely injured without great or permanent interference with its

function.

Simple Inflammations.— Wounds.—My colleague, Mr. Bowlby, lately

surgeon to the Portland Hospital, says that most of the bullet wounds in-

volving joints healed without difficulty in the South African campaign, and
gave rise to but little synovial effusion. Thus, a gunner shot through the

right shoulder joint from front to back was able to return to his battery in

five weeks' time, passive movements having been commenced about fourteen

days after the injury. The results in civil life, however, are somewhat less

satisfactory, for a wound involving the joint usually suppurates.

Simple Synovitis.—Cold, overuse, and direct injury are the common
causes of simple synovitis of the shoulder. The painful effusion is easily

controlled in a healthy person by resting the joint and avoiding the

cause.

Sprains.—The game of hand fives is sometimes responsible for a peculiar

sprain of the shoulder which involves the supraspinatus, the infraspinatus,

and the triceps muscles, causing a good deal of pain down the arm.

Infective Inflammations.—The inflammations of the shoulder due to

micro-organisms and their products are numerous, and may be severe.

Eheumatism, scarlet fever, and more rarely typhoid, cause synovitis of the

shoulder, which is either serous, plastic, or suppurative.

Acute osteomyelitis sometimes begins near the epiphyseal line of

the head of the humerus. It occurs in delicate children often after a

slight injury, and when they have recently recovered from one of the

exanthemata.

The symptoms are pain, loss of function in the joint, a high temperature,

and a sudden onset. The actual nature of the illness may be overlooked

until the formation of an abscess enables the surgeon, after opening it, to

demonstrate the presence of dead or carious bone.

The treatment consists in cutting down upon the inflamed bone as soon

as possible, when, if pus has already found its way into the joint, there need
be no hesitation in thoroughly draining its cavity, for even prolonged
drainage is not inconsistent with a useful joint afterwards.

Acute arthritis in children is considered under the heading syphilitic

disease of the shoulder.

Tubekculous Disease.— Pathology.—The shoulder is affected with
tubercle in about 25 per cent of tuberculous joints. As is usual in joints

the cancellous bone of the head and the synovial membrane are affected,

the stress of the inflammation seeming sometimes to fall more upon the one
than upon the other, and without adequate reason. When suppuration
occurs the abscess usually tracks along the tendon of the biceps or opens
into the bursa beneath the deltoid. More rarely it appears in the axilla, or

it may point behind in the supraspinatus or infraspinatus fossae. Enlarged
bursae and prolongations from the synovial membrane sometimes appear at

a distance from the joint with which they may have no obvious connection.

Such enlargements are known as Baker's cysts, and are always indicative

of tuberculous disease of the joint. The head of the femur in advanced
cases may be reduced to a mere shell of bone, or it may die and lie loose as

a sequestrum within the capsule. There is also an interesting group of

cases in which tuberculous inflammation of the shoulder may run its entire

course to anchylosis without sufficient symptoms to draw attention to the
joint, so that a completely fixed shoulder may be found in a child who
hardly seems to have been ill.

Symptoms.—The most prominent symptoms are wasting of the deltoid
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and scapular muscles, with internal rotation and adduction of the arm.

The joint is stiff, and the inferior angle of the scapula moves coincidently

with the humerus when the arm is rotated, when the elbow is moved back-

wards or forwards, or when it is drawn away from the side. Pain is not

usually a marked feature in the disease, but if it occurs it is referred to

the middle of the arm near the insertion of the deltoid.

Prognosis.—The prognosis is better than in tuberculous disease of

other joints.

Treatment.—The joint should be put at rest by applying a plaster-of-

Paris bandage after a pad dusted with oxide of zinc powder has been placed

in the axilla to produce a certain amount of abduction. In the rare cases

when pain is severe the actual cautery or the application of a succession of

small blisters is often useful. The joint should be kept at rest for a period

of from three to six months. The free movement of the scapula upon the

trunk makes it almost useless to attempt passive movements between the

scapula and humerus, for if the shoulder is going to anchylose it will do so

in spite of all the surgeon's efforts, whilst he cannot take any credit for a

movable joint. An abscess should be opened as soon as it is noticed, and
an atypical excision is sometimes required when persistent sinuses make it

probable that there is carious or necrosing bone. Formal excisions of the

head of the bone are becoming less and less frequent.

Syphilis.—Surgeons are so accustomed to treat cases of tuberculous

inflammation in joints that they are apt to overlook the various arthritic

manifestations of syphilis. Several forms of syphilitic inflammation

occur in the shoulder.

Acute Aethfjtts—Symptoms.—The earliest syphilitic manifestation

occurs in connection with the epiphyseal line, leading in some cases to

early synostosis, and thus to a stunting of the bone, which is sometimes
extraordinarily shortened. More usually, however, the joint becomes

inflamed. Within a few months of birth the child is noticed to move one

arm less than the other, and to cry when its shoulder is touched. The skin

is normal at first, but it soon becomes congested and bluish in colour, the

outline of the joint alters, and in a few days a globular swelling beneath

the deltoid shows that an abscess has been formed. This condition may be

mistaken for a malignant growth of the head of the humerus, but there is

often other evidence of syphilis, whilst the rapidity with which a

fluctuating swelling is formed, and the presence in it of pus, should

be sufficient to prevent the surgeon from looking upon it as a sarcoma.

Treatment.—The abscess should be opened and drained as quickly as

possible, and the inflammation soon subsides under the influence of grey

powder, in doses of one-third to one grain three times a day.

Gummatous Synovitis may occur in the shoulder, but it is less

frequent in this joint than in the knee and ankle. It is liable to be mis-

taken for tuberculous synovitis, but it is less painful, and is rapidly cured

when mercury is given.

Chondro-Arthrltis is the worst, as it is fortunately the rarest,

syphilitic lesion in the shoulder. The head and shaft of the humerus are

extensively affected by a rarefying osteitis, which is associated with a

deposit of caseating material in the cancellous tissue. A similar process

takes places in the articular cartilages, and leads to the formation of

irregular grooves and pits in the head of the bone.

Symptoms.—The condition occurs about puberty, in consequence of

inherited syphilis, and it may be preceded by transient attacks of synovitis,

with evidence of chronic inflammation of the long bones. Many joints are
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simultaneously affected, and there is other evidence of syphilis, often with
marked intraocular lesions.

Diagnosis.—The case is likely to be mistaken at first for tubercle,

but it runs a slower course, and there is less tendency to suppuration.

Treatment is not of much avail. The internal administration of

mercury and iodide of potassium seems to be useless, but some benefit may
be derived perhaps from mercurial vapour baths and the inunction of a 10
per cent solution of oleate of mercury.

Arthritis Deformans, Osteo-Arthritis, or Eheumatoid Arthritis.
—This chronic and troublesome affection attacks the shoulders in about a

quarter of the total number of persons affected. The disease occurs in

several different forms. In one variety the joint is uniformly enlarged,

partly as a result of the thickening of the capsule, and partly in con-

sequence of synovial effusion. Muscular atrophy is a pronounced feature,

and there may be considerable muscular contracture. The amount of pain
bears no relation to the severity of the articular lesion. It is sometimes
hardly felt, whilst in other patients it is most distressing. In another
variety, the stress of the disease falls upon the ends of the bones rather

than upon the soft tissues of the joint. The joint is greatly deformed. It

crackles and creaks on movement, and the motion may be hampered by the

formation of osteophytes in the surrounding connective tissue. A third

variety is limited to children, often in those who are found to have
pericarditis. In these cases the lesion is chiefly synovial, and there

appears to be no tendency to the formation of osteophytes. Yet it leads to

anchylosis by the formation of bridges of bone after destruction of the
articular cartilage.

Symptoms.—In a typical case the shoulder becomes troublesome about
the age of 45 or 50. Pain is felt in and near the joint, and there

is a persistent dull aching referred to the insertion of the deltoid. The
symptoms slowly increase, and are soon accompanied by muscular wasting,

and by a creaking or crackling sensation when the joint is moved.
Changes take place both in the head of the humerus and in the glenoid
cavity, until the appearances presented are those of an old subcoracoid
dislocation. The long tendon of the biceps is occasionally destroyed,

or it may be merely displaced from its groove. Suppuration occurs in a
few instances.

The Pathology of the condition is as yet unknown, but a body of

evidence is slowly accumulating to show that some forms are perhaps very
chronic infective inflammations, occurring in persons who are reduced by
overwork, mental worry, or unhealthy surroundings.

Treatment.—Prophylactic treatment will consist in ascertaining if there
is any local cause of infection, even though it be but a slight cystitis, an
inflamed tooth, or a pericardial affection. Palliative treatment consists in

feeding the patient well, combined with massage of the affected muscles and
the application of small blisters to relieve the pain. Hot air baths, by some
apparatus of which Tallerman's is a type, may be employed advantageously
in some forms of the disease. It is still too early to do more than allude
to the curative effects of light, X-rays, and similar means which are at

present being tried on an extensive scale at many different centres. There
can be no doubt, however, that patients derive much benefit from the
regimen prescribed at the baths of Bath, Buxton, Harrogate, and Strath-
peffer at home, and at those at Aix-les-Bains, Nauheim, and Wildbad
abroad.

Excision of the head of the humerus may be necessary in a few
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advanced cases of arthritis deformans, when the joint is very painful and
crippled in a bad position, but I do not happen to have seen a case

where it seemed advisable to perform such an operation.

Spinal Arthropathies.—The chief spinal arthropathies affecting the

shoulder are syringomyelia and Charcot's disease, which is tabetic.

In syringomyelia no less than 32 per cent of the cases exhibit lesions of

the shoulder.

Pathology.—Syringomyelia is due to an alteration in the neuroglia of

the jspinal cord which leads to the formation of one or more irregular

cavities in the tissue. The disease usually begins in the upper part of the

cord, the grey commissure and posterior cornua being first affected. Mr.
Targett describes the joint as being affected in two forms : in the hyper-

trophic form the articular ends of the bones are deprived of their cartilage,

and the exposed osseous tissue is worn away, but at the margins of these

surfaces the cartilage is much thickened, and the ends of the bones are

irregularly enlarged by. osteophytes. The capsule of the joint is dilated

and thickened by large deposits of bony and of calcareous material ; its

inner surface is beset with polypoid outgrowths of the synovial membrane.
These pedunculated bodies may be very abundant, and occupy much of the

cavity of the joint. There is often a coincident production of new bone
upon the adjacent part of the shaft, either in the form of exostoses or as a

general thickening of the diaphysis by an osteoplastic periostitis. The
attachments of the tendons, ligaments, and fascia? near the joint are liable

to become ossified. In syringomyelia, as in tabes, the bones exhibit a

predisposition to spontaneous fracture, and when such fractures are intra-

capsular the displacement of the fragments may cause great deformity of

the joint. The atrophic variety of syringomyelia is distinguished by rare-

faction of the cancellous tissue, and very extensive destruction of the ends

of the bones. Thus the glenoid cavity and the neck of the scapula are

gradually removed, the head of the humerus is worn away, and the

atrophied upper end of the shaft plays upon the stump of the coracoid

process. In this manner the humerus may be reduced several inches in

length. The affected bones are exceptionally smooth and light from
wasting, yet the tendency to ossification in the neighbouring muscles

may still exist.

Symptoms.—The first indication of the disease is often a sudden, rapid,

and almost painless effusion into the cavity of the joint, but without

redness or heat. Three-quarters of the patients are men. The swelling

usually subsides at first under treatment, but the attacks recur, and the

capsule becomes in time so much relaxed that the shoulder may be

dislocated. These signs are associated with marked impairment of

sensations of pain, heat, and cold, though the tactile sense, the muscular
sense, and the special senses are unaltered. Muscular atrophy commencing
in the small muscles of the hand may extend until it involves the shoulder

and trunk. Trophic lesions of the skin, such as bullous eruptions, ulcers,

and painless whitlows (Morvan's disease) are not uncommon, whilst the

effects of disturbed nutrition upon the finger nails may be very marked.

It is not at all unusual, therefore, for the shoulder to suppurate in cases of

syringomyelia, as a result of septic absorption from the ulcers on the skin.

The bones become carious and necrosed, and as the condition is unattended

with pain, the patient is said in some cases to have picked out his own
sequestra and incised his own " felons." No treatment appears to be of

any service ; but the surgeon should bear in mind that the anaesthesia from

which the patient suffers, requires him to take every precaution against



SHOULDEK, DISEASES AND INJUKIES OF 117

accidental injury, for ulcers once formed cannot be cured, and their

presence hastens the end.

Tabetic Arthropathy or Charcot's Disease affects the shoulder

much less often than the knee, and is at first hardly distinguishable from
arthritis deformans. The articular surfaces of the shoulder joint are

greatly altered. The glenoid cavity is replaced by a large hollow, bounded
above and in front by the acromion and the coracoid process, and below by
a mass of bone springing from the axillary border of the scapula, and
apparently produced by calcification of the long head of the triceps. The
head of the humerus disappears, and the upper end of the bone may be
converted into a large club-shaped mass, which is drawn upwards and
forwards as in a subcoracoid dislocation. The joint may thus become
flail -like, for the capsule is elongated. In other cases spontaneous
fracture of the humerus may take place in the neighbourhood of the

joint.

Diagnosis.—There is usually no difficulty in making a diagnosis. The
knee or hip are already affected, the knee-jerks are absent, and the char-

acteristic ophthalmoscopic appearances are present. Charcot's disease may
be distinguished from syringomyelia by the fact that it does not suppurate,

and that there is no anaesthesia.

No treatment is curative, and it can only be directed to save the

joint as far as possible.

Loose Bodies.—Loose cartilages are found less often in the shoulder

than in the knee and elbow, but from the frequency with which the
shoulder is the seat of tuberculous disease and of arthritis deformans
enlarged synovial fringes are not uncommon. The loose bodies derived
from the synovial fringes are of several kinds. They are sometimes
numerous and vesicular, apparently derived from cystic degeneration of the
synovial fringes ; at other times they are multiple and cartilaginous as is

common in joints affected with arthritis deformans. The cartilage cells

being developed by a proliferation of the cartilage cells which are found in

healthy synovial fringes. Melon-seed bodies occur in the shoulder as a
result of a chronic plastic synovitis. They consist of fibrin, and every
stage can be traced from a rough mass of fibrin to the smooth and flattened

masses which so closely resemble melon seeds in appearance.

Treatment.—A simple incision into the joint from in front will allow
of the removal of the loose bodies, if they are troublesome, but it should
be remembered that such joints are often on the verge of disease, and
unless the wound heals by first intention a severe arthritis may be
set up.

Paralytic Deformities of the Shoulder.—The deltoid and the
serratus magnus are the muscles most likely to be paralysed in connection
with the shoulder.

Paralysis of the deltoid is due to spinal paralysis or to injury of the
circumflex nerve. The shoulder is much flattened, and appears angular
for the projecting acromion stands out in marked relief. The relaxation
of the ligaments is also well marked, for the finger can be passed between
the head of the humerus and the glenoid cavity when the arm is drawn
slightly downwards.

Paralysis of the serratus magnus is an interesting affection which may
be bilateral, and is often associated with paresis of the rhomboids and
trapezius.

Causes.—The condition may be congenital or acquired. In rare cases

there may be a congenital absence of muscles, more commonly it is the
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result of cold. The last patient whom I saw was a boy of nineteen who
had lately been apprenticed to his father, a butcher, and he had to cry his

wares outside the shop in all weathers. In other cases it may follow

typhoid fever, infantile or other paralysis, or may occur in progressive

muscular atrophy.

Symptoms.—The patient complains of weakness in the shoulder, and his

friends notice that he has " winged scapulae," for the condition may be

bilateral. The weakness is due to the fact that the inferior angle of the

scapula slips forwards and stands out beneath the skin when the patient

holds out his arm straight in front of his body. There is a diminution in

the length and power of the reach of the affected arm, and the patient is

unable to extend the arm upwards and forwards without bending the body
sideways, and flexing the forearm, the humerus being at the same time

much abducted. This is due to the paralysed serratus failing to fix the

scapula upon the ribs, by which means alone its rotation is possible. The
surgeon can readily explore the under surface of the scapula with his

fingers, so great is the separation between the bone and the thorax.

Diagnosis.— An examination of the spines of the vertebrae will

distinguish this condition from the " scapula alata " of lateral curvature.

Treatment.—The affected shoulder should be galvanised two or three

times a week with an induced current, strong at first and afterwards

weaker. The positive pole should be placed over the spine on a level with

the upper border of the scapula, whilst the negative pole is placed

successively over the different digitations of the serratus magnus. Massage
may also be usefully employed, the shoulder being kept warm and a sling

being worn in the intervals of treatment. The patient should be put

upon a course of strychnia and iron, and if there is much pain a blister

may be applied over the lower part of the scalenus anticus muscle, i.e.

over the clavicular insertion of the sterno-mastoid muscle, with the

intention of causing some counter-irritation of the external respiratory

nerve of Bell.

Tumouks

The clavicle, the scapula, and the upper end of the humerus are all

liable to tumour formation, the growths being either innocent or malignant.

The innocent tumours are either bony or cartilaginous. The bony
tumours are of the nature of exostoses, and grow chiefly from the scapula

though they spring sometimes from the neck of the humerus, causing pain

and venous congestion of the arm if they project into the axilla. Cartila-

ginous tumours grow as pure chondromata from the scapula. They undergo
the various forms of degeneration common to this kind of growth, viz.

cystic degeneration, fatty change, myxomatous degeneration and calcifica-

tion. The rapid softening of the tumour which takes place in connection

with the cystic degeneration, sometimes leads to a chondroma being mistaken
for a sarcoma. Myelomata, formerly called myeloid sarcomata, grow in

connection with the clavicle, with the neck of the scapula, and with the

upper end of the humerus always as tumours beginning inside the bone

and leading to its expansion as they grow. The myelomata used to be

looked upon as malignant growths, but the tendency of modern pathology

is to place them amongst the innocent tumours, for they do not recur if

they be removed whilst they are still encapsuled by bone. They often

follow an injury to the shoulder, and in their early stages may be mistaken
for sprains, or rheumatic affections resulting from the accident. They are

allowed, therefore, to attain a considerable size, and have too often involved



SHOULDEB, DISEASES AND INJUEIES OF 119

the soft tissues before a diagnosis is made. Clinically, therefore, they are

malignant of the least malignant type. The increased size of the bone
can be recognised by careful examination as well as by the radioscopic

appearances, and the treatment will depend upon the stage which the
growth has reached.

The treatment consists in removal of the tumour by excision of the
affected bone, or by the more formidable amputation at the shoulder
joint (see p. 121).

The malignant tumours of the shoulder are always subperiosteal

sarcomata, so far as they come under the observation of the surgeon,

though the pathologist occasionally finds secondary deposits of cancer in

the head of the humerus in patients who have died of scirrhus of the
breast, and as a pathological curiosity cancer of the upper end of the
humerus may be secondary to a uterine carcinoma.

The sarcomata are spindle-celled, chondrifying, ossifying, or mingled
with fibrous or myxomatous tissue. The early symptoms, especially when
the growth is at the upper end of the humerus are very obscure, and may
consist of little more than impaired movement at the shoulder. In the
later stages the rapid growth, the enlarged joint with congested veins and
inflamed skin may lead the surgeon to think he is dealing with some
inflammatory condition, especially as the patient may appear to be in good
general health,and there is an absence of the ulceration and cachexiawhich are

too often thought to be always associated with malignant disease. Sarcoma
of the scapula usually begins on the dorsum or at the neck of the bone, and
the growth soon involves both surfaces, so that it is difficult to ascertain

whether it began as a periosteal or as an endosteal tumour. The surround-
ing!muscles are therefore quickly involved, and the disease runs a rapid
course. The axillary glands are not often affected, but secondary tumours
are found in the lungs, in the liver, and in the kidneys. The scapula may
be excised, if the patient be seen early in the course of the disease, but
recurrence is so frequent that it is better to perform Berger's operation of

complete removal of the upper extremity (see p. 121).

Sarcoma of the clavicle is rare. It affects the neighbouring lymphatic
glands and recurs rapidly after removal. The growth is usually diagnosed
at an earlier period than the other sarcomata of the shoulder, but it should
not be mistaken for the more common tuberculous periostitis with osteitis

of the bone. Complete resection of the clavicle may be undertaken
(see p. 121).

Sarcoma of the humerus is especially malignant, for the tumour may
spread along the whole length of the bone within a few weeks of its first

appearance. It is more rare in the humerus, however, than in the tibia

and femur. The surrounding muscles are quickly involved, but the
axillary glands escape. Extension from the humerus to the clavicle and
scapula are not at all uncommon, and it is advisable therefore in many
cases to perform Berger's major operation upon the unfortunate patient.

Treatment.— The broad principle of treatment to be followed in

malignant disease of the shoulder is early and complete removal of the
growth as soon as the nature of the swelling is recognised. But to be of
any service the operation must be performed before the growth has
ulcerated and, in the case of endosteal sarcomata before spontaneous
fracture announces that the growth has escaped from the bone and is

involving the soft tissues. Amputation of the shoulder with or without
excision of the scapula and removal of the outer portion of the clavicle is

alone of service in most cases of malignant disease of the shoulder, and the
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more extensive the operation the more satisfactory will be the result, for

there will be the less likelihood of recurrence.

Wounds of the Axillaky Akteky

Wounds of the axillary artery result from stabs and less commonly
from injuries inflicted during the reduction of old-standing dislocations of

the shoulder. The hemorrhage varies with the extent of the wound. It

may be so slight as to allow of repair and the subsequent formation of an
axillary aneurism, or it may lead to rapid death. The loss of blood

externally is not necessarily very great, for the tissues of the armpit allow

of great distension, and the bleeding may be in great part concealed.

Treatment.—Pressure upon the subclavian artery as it passes over the

first rib will arrest the bleeding for a time, but local pressure is exercised

with extreme difficulty at this spot. The axilla must be laid open as soon

as possible, and a ligature must be tied round the artery at a point above

and below the injury, the artery being afterwards divided between the two
ligatures. No pads or compresses applied to the axilla are of the least

service in arresting hsemorrhage from the axillary artery.

Axillary Aneurysm.—An axillary aneurysm is nearly always the

result of an injury to the artery, either in the form of an incomplete

wound involving the outer and a portion of the middle coats, a small

puncture, or more often a bruise or strain from the front of the shoulder.

The loose cellular tissue in which the artery lies allows the aneurysm to attain

a considerable size before it is discovered. The whole length of the artery

may be involved, but in the cases which have come under my observation

the aneurysm has been chiefly in the first and second parts of its course.

Treatment—The treatment is most unsatisfactory. Ligature of the

third part of the subclavian may be carried out when the aneurysm is seen

early, but after it has attained a large size the shoulder is pressed upwards so

much as to make this operation one of extreme difficulty. There is a great

tendency too for the aneurysm to become diffuse. In such cases the con-

densed tissue covering the aneurysm may be exposed, and fine iron wire

may be introduced through a canula into the cavity of the tumour, the

small aperture being afterwards closed by a suture of fine silk. In
other cases it might be advisable to inject some sterilised gelatin into the

cavity of the -aneurysm. When the aneurysm leaks or shows other indica-

tions of rupture, amputation must be performed to save the life of the

patient.

Operations

Abscesses.—The line of safety in opening an axillary abscess has

already been pointed out (p. 103). It lies from the centre of the axilla,

but not too near the apex, along the inner and thoracic wall of the space.

Axillary abscesses are best opened by " Hilton's method." The skin is

shaved, washed, and rendered as aseptic as possible. It is then incised

until the axillary fascia is reached. This fascia is picked up with a pair of

dissecting forceps, and is carefully divided until a pair of dressing forceps

can be introduced through it. The forceps are passed into the axilla

closed, and they are pushed on until pus escapes. The blades are then

separated to enlarge the opening in the axillary fascia. When the abscess

has been chronic, the surgeon introduces his finger and gently breaks down
any loculi to make the cavity as simple as possible. A counter-opening is

made at the most dependent part, and effective drainage is provided.
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Amputations.—The shoulder may be amputated by two methods. It

may be either disarticulated at the joint or the whole extremity may be

removed, including the scapula and a portion of the clavicle. Disarticula-

tion at the shoulder joint is performed for severe injuries, for gangrene of

the arm, for disorganisation of the joint from disease, for some axillary

aneurysms, and for malignant disease springing from the lower part of the

shaft of the humerus. There are many different ways of amputating at

the shoulder, but Spence's method is undoubtedly the best if it can be done.

The arm to be removed is held away from the side, and is rotated outwards

The surgeon begins his incision half an inch external to the coracoid

process, and carries it straight downwards and to the bone until he reaches

the lower border of the insertion of the pectoralis major. He then carries

his knife circularly round the arm, cutting only skin deep on the inner

side where the great vessels and nerves are lying, but going down to the

bone at all other parts. The outer flap, chiefly consisting of the deltoid

muscle, is easily raised from the bone, the joint is opened, and the surgeon

seizes the head and upper end of the humerus in his left hand, whilst, with

the knife in his right, he frees the bone along the inner side until he
reaches the level of the circular incision. He then tells the assistant to

grasp the vessels in the flap above the point of division, and the disarticula-

tion is completed by cutting through the biceps, coraco-brachialis, and other

tissues from without inwards, i.e. towards the axilla.

The interscapulo-thoracic operation or removal of the entire upper ex-

tremity is commonly known as Berger's operation. It gives excellent results,

and does not appear to be so serious as might be imagined a priori. It is of

especial service in cases of sarcoma, involving the scapula or upper end of the

humerus, but it has also been employed in cases of extensive osteitis. The
operation consists of three distinct parts : first, excision of the middle"third

of the clavicle ; secondly, the application of a double ligature to the sub-

clavian artery and vein, each vessel being afterwards divided : thirdly,

removal of the arm and scapula by an antero-posterior flap. The patient

is placed on his back with the arm drawn a little way from the side. The
surgeon stands on the outer side of the limb and makes his first incision

along the outer two-thirds of the clavicle. This part of the bone is rapidly

cleared of its soft parts, and the middle third is excised subperiosteally.

The subclavian artery and vein are exposed, and two ligatures are passed

round each, the ligatures on each vessel being at least half an inch apart,

for there is a tendency for the distal ligature to come off when the vessel is

divided, unless ample margin is left for the retraction of the artery. The
vessels are divided, and the ligatures are cut short. The patient is now
turned on his sound side, while the limb to be amputated is drawn away
from the thorax, and the surgeon enters his knife at the middle of the

clavicular incision, and carries it outwards and downwards in the inter-

space between the pectoral and deltoid muscles as far as the lower edge of

the teres major which forms the posterior boundary of the axilla. The
incision is then carried across the axilla until it ends at the posterior

inferior angle of the scapula. The posterior flap is made by carrying the
knife from the end of the clavicular incision backwards over the acromion
by the shortest route to join the first incision at the posterior inferior angle
of the scapula. The two flaps are dissected up as quickly as possible, and
the arm with the scapula is removed, the smaller vessels being secured as

the operation proceeds.

Excision of the Scapula.—The patient is placed upon the sound side,

and the surgeon stands directly behind him. He begins his incision over
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the acromion process and extends it along the spine as far as the vertebral

border. A second incision is then made along the vertebral border of the

scapula, commencing at the upper angle, and ending at the inferior angle

of the bone. The flaps are dissected up, care being taken not to include

any diseased or doubtful tissue. The muscles along the upper and vertebral

borders are then detached, and the vertebral border is lifted upwards and

outwards to allow of division of the serratus magnus and subscapularis

muscles. The acromion process is sawn oft* at its junction with the spine

and drawn forwards, so that the upper aspect of the shoulder joint is

exposed. The capsule of the shoulder is divided, and the scapula is

removed by cutting through the remaining tissues. The haemorrhage

attending the operation is considerable, and precautions should be taken

to arrest it as quickly as possible, even by a preliminary ligature of the

subclavian artery.

Various modifications of the formal operation may be required according

to the conditions attending the individual case. The tumour may be so

situated that the neck and glenoid cavity may safely be left untouched, or,

on the other hand, it may be necessary to remove the head of the humerus

and part of the clavicle.

Excision of the Clavicle.—The clavicle is excised on account of

sarcoma and necrosis. The operation is easy, for the bone is exposed and

divided with a Hey's saw, care being taken not to injure the large vessels

and nerves which lie directly behind it.

Excision of the Head of the Humerus.—The head of the humerus

is excised for various conditions, the result of inflammation or injury, in

which the movements of the shoulder are limited and painful. Anchylosis,

tuberculous disease, osteoarthritis, which is arthritis deformans, and some

irreducible dislocations of the shoulder are the most frequent conditions

leading to excision.

The anterior incision has now supplanted the older method of excision

by a deltoid flap. The arm is rotated outwards, and is drawn somewhat
away from the side, whilst the surgeon stands facing the patient and

opposite the joint he is about to open. The knife is entered on a level

with and half an inch external to the coracoid process, and a vertical

incision is made three inches in length through the anterior fibres of the

deltoid. Care is taken to avoid the cephalic vein, which lies in the inter-

muscular space between the deltoid and the pectoralis major. The fibres

of the deltoid are retracted, and the bicipital groove is then exposed and

laid open in its whole length. The long tendon of the biceps is drawn out

of the groove, and is held aside with an aneurysm needle or blunt hook.

The capsule of the joint is laid open freely, and the arm is then rotated

inwards until the supraspinatus, infraspinatus, and teres minor muscle can

be detached from their insertion into the great tuberosity by the help of a

periosteal elevator. The arm is afterwards rotated outwards, care being

taken to preserve the long head of the biceps, and the subscapularis in like

manner is detached from the lesser tuberosity. A blunt director is passed

under the bone, which is divided with a narrow-bladed saw, the line of

section usually passing through the tuberosities. The head of the bone is

then removed with a pair of lion-forceps, and any further disease is gouged

away. The glenoid cavity must be carefully examined when the operation

is performed for tuberculous disease, and as much as possible of the pulpy

synovial membrane should be cut away, whilst the edges of any sinuses are

scraped and pared. A posterior incision must be made for drainage in

every case. The drainage tube is passed to the most dependent part of the
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wound, the circumflex nerve and artery being carefully avoided, and, if the

incision is made very low, the situation of the musculo-spiral nerve must

be remembered. The resected extremity of the humerus is pushed into the

glenoid cavity, and the wound is closed in the usual manner. A thick pad

is placed in the axilla to prevent the humerus being drawn inwards.

Passive movement should be begun at the end of the first week, the

tube being removed on the third day. The passive movements are increased

gradually as the wound heals, the muscles, especially the deltoid, being

shampooed and treated electrically. The after-treatment is maintained for

many weeks, but the more extended movements, such as abduction, should

not be practised until several weeks after the humerus is sufficiently fixed

in the glenoid cavity, as there is some fear lest the end of the humerus
should pass under the coracoid process, where it may form a coracoid

articulation instead of the ordinary glenoid joint. Rotatory movements
must be begun as soon as they can be made without pain. Complete

mobility of the joint is hindered by the thickening of the capsule, which in

some cases is shrunken and in some parts is as resistant as cicatricial tissue,

as well as to the fibrous and fatty degeneration of the muscles.

Ligatuke of Arteries.—The third part of the subclavian and the third

part of the axillary arteries are the only vessels which need ligature in

their continuity near the shoulder.

The line of incision for ligature of the third part of the subclavian

artery is parallel with the middle third of the clavicle and half an inch

above it, the shoulder being depressed as much as possible to diminish the

depth of the supraclavicular fossa. Care is taken not to wound the

external jugular vein, an accident which is best avoided by pulling the

skin downwards and making the first incision over the clavicle, for the

vein passes through the cervical fascia just above the bone, so that it is not

pulled down with the skin. The platysma and the deep fascia are next

divided to the full extent of the skin incision. A plexus of large veins lies

just behind the clavicle, which should be carefully drawn aside, and, if

necessary, divided after ligature. The posterior belly of the digastric is

usually seen at this stage and is drawn upwards, whilst, deeper than this,

lies the third cord of the brachial plexus, which forms the best guide to the

artery, for it lies immediately below the cord, crossing the first rib. When
there is any difficulty in finding the artery, the outer border of the scalenus

anticus is traced downwards to the scalene tubercle on the first rib, and
the artery lies immediately above and behind this tubercle. The aneurysm
needle is passed from above downwards, as the lower cord of the brachial

plexus is more likely to be included in the ligature than the subclavian vein

which lies below the artery and well away from it. The sheath of the

artery must be opened and gently separated before the needle is passed,

to diminish the risk of including the nerve to the subclavius muscle, which

usually gives a filament to the phrenic.

The third part of the axillary artery is ligatured in its continuity

through an incision three inches in length carried along the junction of

the outer with the middle third of the axilla when the arm is fully

extended and drawn away from the side, being at the same time rotated

outwards. The inner border of the coraco-brachialis muscle is thus thrown

into relief, and forms the guide to the artery. The inner border of the

coraco-brachialis is defined, and is raised by a blunt hook, when the axillary

vein and the median nerve immediately come into view. The artery lies

between these two structures, and the needle should be passed away from

the vein.
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General Introduction.—The human skin, considered enibryologically,

may be said to consist of only two layers, namely, the epidermis and the

corium, developed respectively from the epiblastic and mesoblastic layers of

the blastodermic vesicle. The subcutaneous tissue, on account of the great
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difference in appearance which exists between it and the corium, was at

one time believed to belong to a different category and to have developed

from a different layer, but most observers are now agreed that, like the

corium, it is of mesoblastic origin, and that it should be regarded simply as

a deeper layer of the corium, in which some of the cells have become
specialised by the deposition within them of fat. The epidermis

and its appendages— the hairs, skin -glands, and nails—are in this

way clearly differentiated from the fibrous corium which underlies and
supports them, by their origin as well as by the minute structure of their

elements.

The Superficial Architecture of the Skin.—The surface of the skin

is everywhere traversed by ridges and furrows which vary in different

situations in regularity, arrangement and size, and which to a considerable

extent determine the shape of many of the elementary lesions of the skin,

such as macules and papules. The existence of these ridges is dependent

on three factors : (1) The arrangement of the fibrous bundles and elastic

fibres of the underlying corium; (2) The direction of the move-
ments to which the parts are subjected; and, (3) The attachment of

the skin by fibrous bundles to deeper structures, such as the capsules of

joints.

There are two distinct varieties of furrows on the surface of the skin

:

(a) Fine furrows, which tend to run parallel to one another, and are best

marked on the flexor aspects of the tips of the fingers and toes, where they

form more or less regular patterns which differ in each individual ; and, (b)

Coarse or deep furrows, which are most pronounced in the neighbourhood

of the joints, and are due to the fixing down of the skin by fibrous bundles

to underlying structures, such as the periosteum of bone and the joint-

capsules. In old age, and as the result of wasting diseases, wrinkles or

folds of emaciation occur, from the removal of the tension caused by the

disappearance of the subcutaneous fat.

The Epidermis.—For purposes of description the epidermis is divided

into five distinct layers, named from within outwards : the stratum ger-

minativum, the stratum Malpighii, the stratum granulosum, the stratum

lucidum, and the stratum corneum. This division, though useful, is

arbitrary, and these layers are ill-defined ; they indicate the stages in the

evolution of the epidermal cell from its simplest type in the stratum ger-

minativum, till it becomes a perfect horn-cell. The epidermis as a whole is

thickest on the palms and soles, and thinnest on the elbows, forehead, and
cheeks.

(a) Stratum Germinativum.—This constitutes the basal layer of the

epidermis, and usually consists of a single row of columnar cells with oval

nuclei. These cells are arranged at right angles to the imaginary wavy
line which separates the epidermis from the corium. They are constantly

dividing by mitosis, and their whole function is that of reproduction ; they

have been named the " mother-cells " of the epidermis. Between them and
above them smaller "daughter-cells" may here and there be detected;

these latter do not as a rule exhibit mitotic figures, and their function is

that of differentiation ; they are simply pushed towards the surface of the

skin by the addition of new layers of cells beneath them, and in their

passage they are gradually differentiated till they become horny squames.

The cells of the basal layer are united by fine protoplasmic threads or fibres,

which towards the corium are collected into tufts, giving the line of

demarcation a denticulated appearance.

(b) Stratum Malpighii.— This layer consists of a varying number of



126 SKIN: ANATOMY AND PHYSIOLOGY

rows of polygonal cells, built up in the form of a mosaic ; these cells tend to

become flattened towards the surface of the skin. They possess large, round

or oval nuclei, and are united by delicate protoplasmic fibres continuous

with the spongioplastic network of the cells. In this way the cells of this

layer are in organic connection with each other. Owing to the presence

of the intercellular protoplasmic fibres the cells of this layer were named
" prickle-cells " by Max Schultze. In spite of the delicate appearance of

the protoplasmic fibres, the latter are relatively resistant structures, and

are unaffected by boiling water, and weak acids only cause them to swell.

Between the cells lymphatic spaces occur which are bridged over by the

prickles, and in which the fibres of the interepithelial nerve plexus are

distributed. Peculiar spiral fibres situated between the prickle-cells and

the cells of the basal layer have been described by Herxheimer. These

are generally believed to be either threads of fibrin or protoplasmic fibres

passing between cells of different layers.

(c) Stratum Granulosum.—Towards the surface the prickle-cell layer

merges into a layer consisting of two or three rows of flattened granular

cells with shrivelled nuclei lying in spaces, and shrunken protoplasmic

fibrils.

The granules are most numerous in the cell-protoplasm near the nuclear

space. They vary in shape and size from small roundish specks to coarse

irregular lumps, and are strongly light-refractive. They consist of a semi-

solid substance known as keratohyalin, which is insoluble in alcohol, ether,

chloroform and weak acids, is digestible in pepsin and hydrochloric acid,

and is not stained by osmic acid.

Its origin is still sub judice, but it is most probably a separation pro-

duct of the protoplasm of the cell.

(d) Stratum Lucidum.—This layer has been so-called because in un-

stained sections it may be seen as a semi-transparent line resembling a

narrow oily streak across a sheet of paper. It consists of one or more rows

of somewhat swollen irregular cells, in which the nuclei are much shrunken

and frequently replaced by a mass of debris. In these cells the kerato-

hyalin has disappeared and been replaced by an oily substance named
eleidin, which is present not only within, but also between the cells. This

substance is slightly soluble in alcohol, insoluble in ether, digestible in

pepsin and hydrochloric acid, soluble in acids and alkalies, and it does not

stain with osmic acid. Fat globules are also present in the cells. Like

keratohyalin, the origin of eleidin is undecided, but it seems possible that

it is a degenerative product of the former substance.

(e) Stratum Corneum.—The stratum corneum is the most superficial

layer of the skin, and is the layer which we see and touch. It is thickest

on the soles and palms, and thinnest on the face. It is composed of horn-

cells, which are most perfect next to the stratum lucidum, while towards

the surface they become more and more flattened and dried till they form

the squames.

A perfect horn-cell is polygonal in shape, is facetted from pressure, and

presents a space in the centre of the cell from which the nucleus has

disappeared. Eleidin can no longer be detected in it, but in place of it

there is a fatty or waxy substance. The periphery of the cell has become

hardened, and the prickles have persisted as dried up, hard spicules of a

highly resistant substance known as keratin. The latter is indigestible in

pepsin-hydrochloric acid, and can withstand 50 per cent solutions of mineral

acids for a prolonged period. The most probable explanation of the formation

of keratin is that it is the result of the hardening of the protoplasmic fibrils,
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and possibly of the outer portion of the spongioplasm by an inherent power

of their own, and that it is not a degenerative product resulting from the

breaking down of the nuclei, nor a further stage of keratohyalin or eleidin,

the latter substances being merely regarded as accessory to the process of

cornification.

The presence of fat within the cells of this layer gives it the character

of a waterproof coating, and the persistence of the protoplasmic fibres in

the form of hard keratin spicules welding the cells together, readily

explains the protective power which the stratum corneum is capable of

exhibiting against the entrance of micro-organisms and their toxins, and
its great ability to resist mechanical injuries.

Coeium.—The corium is the dense fibrous layer of the skin, which

gives to the latter its strength and elasticity. It supports and protects

the hair -follicles, glands, nerves, and blood-vessels. Structurally it is

built up chiefly of white fibrous tissue and a variable amount of

yellow elastic tissue, and it presents certain well -recognised cellular

elements.

It is customary to divide the corium into a superficial and a deep layer,

known respectively as the papillary and reticular layers. In the former

the white fibrous bundles are thin, loosely packed together, and tend to

have a vertical direction, while in the latter they are coarse and form a

dense complicated network, the meshes of which tend to be arranged

horizontally.

The papilla? are conical projections of the corium into the overlying

epidermis, in which are found the terminal capillary loops and certain

nerve-endings ; according as they support the former or the latter they are

known as vascular or nerve-papillse. They are situated on ridges of vary-

ing height, arranged more or less parallel to each other. They may be

single or more rarely compound, are longest on the flexor aspects of the

finger-tips and toes, and are specially numerous about the areolae of the

nipples.

Minute Structure of the Corium.— 1. Cellular Elements.—The cellular elements
in the healthy corium consist of fixed cells and migratory cells. The latter are the
different forms of leucocytes, and are specially noticeable near the blood-vessels,

lymphatics, and in the papillary layer.

The fixed cells of the corium constitute the more important group. They are
not all absolutely fixed to fibrous structures, as some of them are unattached and
may be carried about in the lymph stream, but their movement is purely passive.

There are three distinct types of fixed cells in the corium, namely—
(1) Ordinary connective tissue cells, which, as a rule, are spindle-shaped, but may

be polygonal. They have usually long processes, tapering to fine threads, which in

young connective tissue frequently unite with those of neighbouring cells to form
a meshwork. The nuclei of the cells vary according to the shape of the cells, some
being oval, others round, and a few may be polygonal. These nuclei are peculiar
in having a coarse intranuclear network with unusually open meshes, producing
a " vesicular " appearance.

Frequently only the nuclei of the cells can be detected, and even with the
most careful staining no protoplasm can be recognised around them. As a rule

the cells or nuclei are found flattened between the fibrous bundles of the corium,
and at times their processes may surround bundles and line the lymphatic spaces
between them like an endothelium.

(2) Vacuolated Cells.—These differ from the ordinary type of connective tissue cell

in having no processes, and in that their protoplasm appears to be vacuolated, since

the meshes of their spongioplasm are unusually large and rounded. Schsefer main-
tains that their cells possess distinct cavities containing a fluid like lymph. The
nuclei of the cells are " vesicular " in character, and mitotic figures may occasionally
be detected within them. It is just possible that these cells are the mother-cells of

the corium, whose function is exclusively that of reproduction, and that they bear
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the same relation to the corium that the cells of the basal layer do to the
epidermis.

(3) Mast-Cells.—This type of cell is distinguished by the presence in its proto-
plasm of numerous coarse granules which have a marked affinity for alkaline dyes.
In shape and size they are as various as the ordinary connective tissue cells.

Their nuclei do not stain well, frequently present no nucleoli and are generally
more or less obscured by the granules. The latter vary in shape, some being
round, others angular ; as to size, they may be described as " coarse granules."

These cells occur chiefly in the neighbourhood of the blood-vessels, hair-follicles,

and sebaceous glands, and are found in greatest number in the skin of pigmented
regions, such as the scrotum and areolae of the nipples.

The nature and origin of the mast-cell granules are still undecided. A possible
explanation is, that they are a separation or degeneration product of the protoplasm
of the cells, somewhat allied to mucin.

2. Fibrous Elements of the Corium.—(1) The ivhite fibrous bundles are composed
of numerous fibres about the breadth of a red blood corpuscle, united by a semi-
fluid material. These fibres are made up of fine fibrils of a substance known as
collagen. The fibres readily split into the component fibrils ; the latter are
incapable of branching. The bundles are flexible and slightly extensible, and,
seen longitudinally, they present a wavy appearance which disappears when the
skin is stretched.

Collagen is an albuminoid substance, and is probably the anhydride of gelatine.

There are two opposing views regarding the origin of the white fibrous bundles

:

one, that they are the result of a direct transformation of the protoplasm of the
connective tissue cells, and the other, that they are formed by the deposition of

fibres in an intercellular substance secreted by the cells.

(2) The elastic fibres of the corium are arranged parallel or obliquely to
the collagenous bundles, and are most numerous in the reticular layer. They
envelop the coil and ducts of the sweat-glands, and are present around the hair-

follicles, sebaceous glands, and arrectores pilorum. The distribution of their fibres

is so universal that they form a skeleton supporting the various elements of
the corium. The elasticity of these fibres is not nearly so great as was at one
time supposed, and it is considerably less than that possessed by the collagenous
fibres.

Unlike the former, the elastic fibres are capable of branching and of uniting
with neighbouring fibres to form a meshwork. In section they are angular in
outline, and they tend to curl up on being broken across. They are composed of

an albuminoid substance called elastin, which is more resistant to the action of

weak acids and alkalies than collagen. The origin of the elastic fibres is un-
decided, and they have not been definitely proved to be capable of regeneration.

The Subcutaneous Tissue.—This structure may be regarded as the

deepest layer of the corium, the cells of which have become infiltrated with
fat. This layer serves three important purposes :

—

(1) It forms a pad which protects the delicate underlying structures

from being harmed by injuries to the skin.

(2) Being a bad conductor of heat, it prevents too great a loss of heat

by radiation and evaporation.

(3) It forms a supporting framework for various delicate structures,

such as the Pacinian bodies, nerve - trunks, coil -glands and blood-

vessels.

It is especially thick on the palms and soles, and thin on the face. In

structure it consists of a coarse fibrous meshwork enclosing large groups of

fat-cells ; these are known as fat-lobes. The fibrous walls separating the

lobes are named " trabeculce." The lobes are broken up by fibrous septa

into lobules. The lobes, lobules, and individual fat-cells are richly supplied

with blood-vessels and lymphatics, which are distributed in the trabecule

and septa, and form a capillary meshwork between the cells. Fat-columns

(columnar adiposes) have also been described, which pass vertically along the

larger vessels from the fat-lobules to the coil-glands in the corium.

The individual fat -cells are large, oval, round, or polygonal bodies,
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consisting of a globule of fat encapsuled in a homogeneous mantle. The
latter is the remains of the protoplasm of the cells, and at one side of it a

flattened nucleus may generally be detected. These cells are the result of

a fatty infiltration of connective tissue cells.

Other Situations in the Skin where Fat is found.—Small fat granules or

globules occur in the epithelial cells of the sweat-apparatus and in the

lumen of the sweat-coil and duct. They are present also in the lymphatic

spaces of the corium, in the walls of the vessels and in the medullas of

nerves.

In the epithelium, fat occurs in the nuclear spaces of the prickle-cells,

in the interepithelial lymphatics and in the cells of the stratum corneum.

It is also present in the epidermal cells of the hair-follicles.

The origin of the skin-fat has been a fruitful source of controversy.

The leading theories on the subject are :

—

1. That the skin-fat is a product of degeneration of the cell-proto-

plasm.

2. That it is a product of secretion of the cell-protoplasm.

3. That the subcutaneous fat, and that which occurs in the lymphatics

of the skin, is derived from the coil-glands.

4. That the epithelial fat comes from the sebaceous glands.

It is generally conceded that the fat of the sebaceous glands and that

which occurs in the stratum corneum is a separation or degeneration product

of the protoplasm of the cell, but this explanation does not apply to the

subcutaneous fat, for in the latter situation the cells are not degenerated,

and the fat is of the nature of an infiltration. The presence of fat in the

coil-glands and ducts has been noted by a large number of observers, and
Unna has strongly advocated the view that the subcutaneous fat is derived

from that source. The lymph which bathes the coil is said by him to be

loaded with fat. It is taken up, as a rule, by the small venules, and in the

process is filtered and the fat deposited. The latter accumulates in columns

around the blood-vessels, and is eventually taken up by the connective

tissue cells of the subcutaneous tissue.

Epidekmal Appendages.— 1. Hairs.—(a) General Characteristics.—
Hairs are present on all parts of the human skin, except the palms, soles,

red portions of the lips, ungual phalanges and glans penis. There are

three types of hairs, namely :

—

(1) Long hairs, such as occur on the scalp, beard, moustache, axillae

and pubes.

(2) Stiff hairs, or bristles, such as the eyelashes (cilia), and the hairs of

the nasal and auditory orifices (vibrissas and tragi).

(3) Lanugo, or downy hairs.

The long hairs and the lanugo hairs are implanted more or less obliquely

in the skin ; the bristles vertically. The shape of the hair in section varies

in different individuals and in different races. Straight hairs are, as a rule,

circular, while curly hairs are generally oval, and on the beard, and occa-

sionally on the scalp, angular figures may be produced. Hairs differ greatly

in thickness, being thickest on the head and about the genitalia. The
various colours of the hair are dependent on three factors :

—

(1) Pigment granules situated in and around the cells of the hair-

cortex.

(2) The diffuse colour of the protoplasm of the hair-cells.

(3) The presence of air between the hair-cells.

The diffuse colour of the protoplasm is said to produce blonde or reddish

shades, while the granules are regarded as being responsible for black and

vol. xi 9
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brunette tints. The presence of air between the cells causes the hair to

become grey or white.

During life the hairs have a limited existence, and are shed at varying

intervals. In the scalp they have been said to have a life of from two to

four years.

(b) Structure of the Hair.—The hair consists of a shaft or stem which

widens out at the lower end to form a bulbous swelling known as the root.

The root and part of the shaft are situated in the hair-follicle, the remainder

of the hair is free.

(1) Shaft.—The greater portion of the shaft is formed by the hair-

cortex, in the centre of which there is a more variable structure known as

the medulla. The cortex is protected externally by a sheath or cuticle.

(a) The cuticle consists of a single layer of flat, quadrilateral cells

arranged in an imbricated manner, with their long axes directed upwards

and outwards at an acute angle to the shaft.

(/3) The cortex is made up of bundles of nucleated spindle-shaped cells,

which give it a fibrillated appearance. These spindles have ridges on the

surface, and interlock to form a highly resistant structure. The cells

contain a diffuse yellowish colouring matter and pigment granules ; air

may be detected between and occasionally within them.

(y) The medulla occurs, as a rule, only in the hairs of the scalp, beard,

axillae and pubes. It ceases towards the points of the hairs. It is

composed of rouleaux of plates, consisting of three or four flattened cells,

which, near the hair-root, contain keratohyalin granules.

(2) Boot or Bull.—The root is softer and lighter in colour than the

shaft, but is composed of the same two or three layers of cells, but these are

much less differentiated and more cubical in shape than in the shaft. It is

indented beneath by the upgrowing vascular papilla of the hair.

(c) Structure of Hair-follicle.—The hair-follicle is a simple invagination

of the epidermis enveloped by a condensed layer of connective tissue of the

corium. It ensheathes and protects the growing portion of the hair.

It may be divided for descriptive purposes into an upper third or funnel,

a middle third in connection with which are the sebaceous glands and
arrectores pilorum, and a lower third which ensheathes the hair-root and
which is indented below by the papilla. In the upper third the epidermal

layers lining the follicle are the same as those of the epidermis, the con-

tinuation of the stratum corneum being next the hair, but in the lower two-

thirds only the prickle-cell layer and the basal layer of the epidermis

persist.

The continuation of the prickle-cell and basal layers is generally known
as the " external root-sheath " of the follicle, and consists of several rows of

polygonal prickle-cells with large round nuclei.

Between this layer and the hair there is a complicated structure named
the " internal root-sheath." It is only present in the lower two-thirds of the

follicle ; it begins at the papilla as several layers of polygonal nucleated

cells containing granules of keratohyalin. As the cells ascend in the follicle,

those next the external root-sheath become cornified, while in those next

the hair the cornification process is much less rapid, and owing to the

difference in the degree of cornification, the layer tends to split longitudin-

ally in two, which are known respectively as the sheaths of Huxley and
Henle.

Within the internal root-sheath there is a cuticle formed of a single

layer of elongated cells whose long axes being directed downwards and
inwards make the cells to fit between the cells of the hair-cuticle. Hence
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it is almost impossible to epilate a hair without pulling out part of the
root-sheath.

Enclosing the epidermal sheaths of the follicle there is a dense fibrous

layer derived from the corium, which is known as the " connective tissue layer

of thefollicle." It is made up of collagenous and elastic fibres, which are

externally arranged longitudinally, while nearer the hair they tend to have
a circular direction, Next the epidermal layer they become so condensed
and homogeneous that they form a layer which has been described as the
" hyalin or vitreous layer."

(d) The Papilla.—The papilla of the hair is a differentiated conical

process of the corium analogous to a papilla of the papillary layer. It is

composed of connective tissue fibres supporting a capillary loop and one or

more medullated nerves. Through it the root is nourished, and any inter-

ference with its function through injury or disease causes a cessation of

growth of the hair.

2. The Sebaceous Glands.—These are small saccular glands which occur
usually in connection with the hair-follicles, but are also found, independent
of these structures, in the skin of the borders of the lips and the areolse of

the nipples. They are generally placed on the oblique side of the hair-

follicles, in the angle between the latter and the arrector pili. They vary
considerably in size, from mere appendages to the hair-follicle to structures

larger than the follicle itself.

They are largest about the nose, scrotum, and areola of the nipple

;

they may consist of a single saccule or of a bunch of twenty or

more.

These saccules either open into a common duct, which pours its contents
into the neck of the follicle to lubricate the hair, or, in the case of the in-

dependent glands, directly on the surface of the skin.

Histologically each saccule presents a connective tissue sheath, inside

which there is a basement layer of flat cells surrounding a mosaic of large

polygonal cells with round or oval nuclei. The latter cells have undergone
a'change ; their protoplasm has been converted into fat-droplets, and their

spongioplasm into a substance almost as resistant as keratin. The duct has
the same minute structure as the saccule. The central cells of the saccules

and duct break up, and the fat-droplets become discharged and collect in

the lumen of the duct as a whitish fatty mass which, mixed with epidermal
debris, forms the " sebum."

3. The Sweat or Coil -Glands.—These are single tubular glands made
up of (1) a body consisting of two or more turns, forming a coil situated in

the reticular layer or subcutaneous tissue, and (2) a duct which traverses

the corium in a spiral manner, passes through the epidermis and opens on
the surface at the sweat-pore.

These are present all over the body except on the glans penis, margins
of the lips, and nail-bed. In a modified form they occur at the auditory
meatus (ceruminous glands), in an elliptical ring round the anus (glands of

Gay) and on the eyelids (glands of Moll).

Structure.—(a) The coil or body is composed of a single layer of

cylindrical cells which have a granular appearance when the gland is

actively secreting, but which disappears when the gland is at rest. A layer

of involuntary muscular cells encloses the cylindrical cell-layer.

The muscular cells are arranged longitudinally or spirally round the
coil, and outside them there is a basement membrane and a fibrous capsule

supporting blood-capillaries. The lumen of the distal portion of the coil is

wider than that of any other part of the gland, and is known as the
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"ampulla." Towards the duct the epithelium becomes more cubical,

several layers may be present, and the muscular coat disappears.

(Jb) The duct in its spiral passage through the corium has a uniform

calibre, and the lumen on section is stellate or forms a cleft. The tube is

formed by several layers of cubical epithelium, inside which a cuticle and a

connective tissue sheath have been described, but no muscular fibres. On
reaching the epidermis the duct proper may be said to end, and in its

further course it is represented by a spiral cleft between the prickle-cells

and the horn-cells. It always passes up through an interpapillary process.

The granular and horny layers, however, dip down into the Malpighian

layer for a short distance to form a funnel for the duct. In its passage

through the epidermis the sweat communicates freely with the inter-

epithelial lymph, and the latter finds an exit with the sweat at the

pores.

4. The Nails.—The nails are inelastic, translucent, horny plates situated

on the dorsum of the distal phalanges of the fingers and toes.

The nail-plate presents a posterior concave border, two almost parallel

lateral borders, and a convex free edge. Its upper surface is convex trans-

versely and to a less extent longitudinally. The whitish semilunar area

occupying the posterior fifth of the nail-plate is known as the " lunule."

The nails are bounded by posterior and lateral nail-walls, and from the

former a thin crescentic membrane passes for a short distance over the

lunule. The lateral walls are slightly divergent, and have a rolled appear-

ance. The nail-plate passes for a short distance beneath the lateral walls,

and for a greater distance under the posterior wall, where it is known as

the nail-root, and is enclosed in a structure analogous to the hair-follicle,

called the nail-fold.

The nail-fold is split horizontally by the root into (1) an upper portion,

forming a roof composed of the various layers of the epidermis, in which

the continuation of the stratum corneum is in contact with the nail ; and

(2) a lower portion named the nail-matrix.

The nail-matrix is an important structure, as it is from it that the nail

grows. It extends from the posterior extremity of the nail-fold as far

forward as the anterior margin of the lunule. It is composed of a prickle-

cell layer continuous behind with that of the roof of the nail-fold, and in

front with that of the nail-bed. Above the prickle-cell layer there is a

layer of several rows of fiat granular cells with shrivelled nuclei, above

which the true nail-cells begin to appear. It is the presence of these

granules which gives the whitish opaque appearance to the lunule.

Beneath the prickle-cell layer of the matrix there is a well-developed

papillary layer in which the papillae are arranged on parallel ridges

suggesting cockscombs.

The nail-bed extends from the matrix almost as far as the free edge of

the nail, and on it the nail-plate rests. There is, however, no organic

connection between the nail-plate and the nail-bed. The latter is composed

of a prickle-cell layer, beneath which is a papillary layer consisting of about

sixty ridges parallel to the long axis of the nail. Under this there is a

rich subpapillary vascular plexus in which large venous sinuses are present,

lined with endothelium, and forming an erectile tissue.

The nail-plate, though not in organic connection with the nail-bed, is in

close contact with it, since on its under surface there is a series of parallel

ridges which fit in between those of the nail-bed and so bind the two

structures together. It is made up of fiat cornified cells which differ from

those of the stratum corneum in that the nuclei persist. These cells are
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arranged in superimposed lamellae, which can only be distinguished near the

nail-matrix, since further forward they become knit together to form an

almost homogeneous plate.

Growth of the Nail.—If left uncut the nail does not grow indefinitely,

but at a variable distance beyond the finger it becomes thin and desquamates,

so that a natural free border is formed. As a rule the matrix only produces

one nail, which during life is constantly growing at about the rate of
-8 mm. in twenty-four hours on the fingers, while on the toes the growth

is slower (0*4 mm.)
Blood-Vessels of the Skin.—There are the following systems of

blood-vessels in the skin, which begin in the subcutaneous tissue, and pass

towards the surface :

—

(a) Blood -Vessels of the Subcutaneous Tissue.—Small arteries are

present in the trabecule between the fat-lobes ; certain branches from these

(1) course in the septa between the lobules, to end in capillaries between

the fat-cells, and (2) others pass up more or less vertically into the corium.

Veins and venous capillaries correspond to these arteries.

(b) Blood -Vessels of the Corium.—Two somewhat horizontal vascular

plexuses are generally described in the corium : a deep one situated next

the subcutaneous tissue, and a superficial one in the subpapillary layer.

From these plexuses branches are given off to the sweat-apparatus, pilo-

sebaceous follicles and the papillary layer. In the papillse the capillaries

form loops by the junction of a single or double arterial capillary with a

venous capillary several times greater in diameter.

Throughout the corium the blood-vessels are of the nature of capillaries

since they possess only an endothelial layer, and it is in the subcutaneous

tissue alone that small arteries and veins occur in which a muscular wall

and a tunica extima are present. The veins of the corium are considerably

larger than the arteries.

Lymphatics.—In the skin there are comparatively few true lymphatic

vessels with a distinct endothelial lining, but there are numerous spaces

between the fibres of the corium and the cells of the epidermis which serve

the purpose of lymphatics.

(a) The lymphatic vessels begin as blind ends in the papillse, pass down
to a lymphatic plexus in the subpapillary layer, and then course obliquely

through the corium, accompanying the blood-vessels, to be collected into

the larger lymphatics of the subcutaneous tissue. The lymphatic vessels

of the papillse are most easily seen in the large papillse of the fingers and

toes. The lymph from the tissue-spaces gains entrance into the vessels

either through stomata or between the endothelial cells.

(V) The lymphatic spaces are not lined by endothelium. They are

present between the fibrous bundles of the corium, around the coils and

ducts of the sweat-glands, between the epidermal cells of the hair-follicles

and sebaceous glands, around the arrectores pilorum, and between the

prickle-cells of the epidermis. They pour their contents partly into the

lymphatic vessels and partly into the veins.

Nerves.—Both medullated and non-medullated nerve fibres are present

in the skin : (a) The medullated fibres form plexuses in the corium, from

the most superficial of which fine non-medullated fibres pass between the

prickle-cells of the epidermis, forming the interepithelial plexus. Medul
lated fibres also pass to the connective tissue coats of the hair-follicles

;

there they lose their sheaths and split into fibres which form a plexus

between the epidermal cells of the external root sheath. A few of the

medullated fibres terminate in special end-organs.
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(5) The non-medullated fibres probably supply the arrectores pilorum,

the sweat-coils, and blood-vessels.

The interepithelial nerve plexus is composed of fibres which have lost

their medullary sheaths in the subepithelial layer. These are distributed

between the prickle-cells as far as the stratum lucidum. They end in

minute swellings between the cells (Klein), or, according to Unna, pass into

the cells and terminate in swellings applied to the nuclear membranes.
The fibres of the epithelial plexus are sensitive to touch-impressions and to

common sensation.

Special Terminal Corpuscles.—A few of the medullated fibres terminate

in one or other of the following end-organs :

—

(a) Tactile Corpuscles, or Meissner's Bodies,—These end-bulbs are situated

in the papillae, are universally distributed, but are specially numerous at

the tips of the fingers and toes. They are oblong or spindle-shaped, and
present a transversely striate appearance, owing to their being composed of

superimposed layers of connective tissue between which the nerve fibrils

ramify and end in small swellings. The nerve loses its medullary sheath

on entering the corpuscle and splits into these fibrils.

(6) Touch-cells of Merhel.—These are peculiar, small, round or pear-

shaped cells situated at the termination of the medullary nerves of the

papillse of the fingers and toes. Certain observers believe them to be

epithelial cells, and do not regard them as sensitive.

(c) Pacinian Bodies or Corpuscles of Vater.—In unstained sections held

over a dark background these bodies appear as small milky specks situated

in the subcutaneous tissue. They are most numerous on the palms and
soles ; they are oval or elliptical in shape, and are made up of a cortex of

concentrically arranged connective tissue capsules like the sheaths of an
onion, and a central granular core in which the fibres of the axis cylinder

of the nerve terminate in a group of pear-shaped swellings. The nerves

immediately below the corpuscle form a swelling known as the " stalk,"

and the capsules are said to be due to a spliting up of the sheath of

Schwann of the nerve. The Pacinian bodies are believed to be sensitive to

pressure and traction.

Muscles of the Skin.—These consist of the arrectores pilorum and
layers of involuntary muscle fibres such as are found in the areolae of the

nipples, the dartos of the scrotum, and the eyelids.

The arrectores pilorum are made up of involuntary muscular fibres

which arise from a neighbouring papilla, and are inserted into a projection

situated in the middle third of the hair-follicle. On contracting they

cause an erection of the hair, and at the same time a dimpling of the

surface of the skin. The elastic tissue forms a framework for the muscle

which is continuous with the elastic network of the corium, so that

when the muscle contracts it causes an increased tension of the skin in

the neighbourhood.

Pigment and Colour of the Skin.—In white races very little

pigment is present in the skin except in the pigmented regions, such as

the areolae of the nipples, axillae, scrotum, around the anus, and in the hairs.

The colour of the skin is, as a rule, more dependent on the subcutaneous fat

and the degree of vascularity than on pigment.

The pigment granules are situated chiefly in the epithelial cells of the

basal layer of the epidermis. They are generally confined to the periphery

of the cells, while the nucleus and the zone immediately around it are free

from pigment. They may also occur in the interepithelial lymphatic spaces,

where they form branching figures. They are sometimes present in the
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deeper cells of the Malpighian layer, and more rarely in the connective tissue

cells of the papillary layer.

In dark races the pigment extends up as far as the granular layer of

the epidermis. The true pigment of the skin—in contradistinction to

blood-pigment, which gives the skin its peculiar tints in bruises and
purpura—consists of a substance called melanin, which is in the form of

more or less fine, irregular, brownish-black granules. Unlike the blood-

pigment it is never in the form of crystals, and contains no iron. It is

soluble in ether, weak acids, alkalies and hydrogen peroxide, and is bleached

by chlorine.

Physiology

The skin performs six important functions: 1. It regulates the body
temperature ; 2. It is a respiratory organ ; 3. It is a secretory organ ; 4.

It is a sensory organ ; 5. It is a protective organ ; 6. It has a limited power
of absorption.

1. The Function of Heat-Regulation.—The constant temperature of the

body is maintained by the heat-regulating function of the skin. The
amount of heat which is lost from the surface of the skin by radiation,

conduction, and evaporation, depends chiefly on the state of dilatation of

the cutaneous vessels and on the activity of the sweat-glands. Heat and
cold cause respectively a dilatation or constriction of the cutaneous vessels,

either by acting directly on the involuntary muscular fibres of those of the

subcutaneous tissue, or indirectly through the vaso-motor centres. In this

way an increase in the flow of blood to the skin is determined and a
cooling results.

Heat causes an increase in the excretion of sweat by a reflex and central

stimulation of the glands, and through evaporation of the sweat a certain

amount of heat is rendered latent, and the blood is cooled.

The involuntary muscles of the skin also assist in performing this

function, since cold stimulates them to contract, and so the superficies is

reduced and the loss of heat by conduction and radiation is diminished.

2. The Function of Respiration.—The skin is capable of eliminating

water-vapour and carbonic acid gas, and possibly of absorbing oxygen. The
amount of water excreted by the skin in twenty-four hours is almost double
that which is eliminated by the lungs. An increase of the temperature of

the air causes an increase in the amount of water and carbonic acid gas

excreted by the skin.

3. The Function of Secretion.—The fluid secretions of the skin are the

sweat and the sebum.
(a) The sweat is a watery, clear fluid, with a saltish taste, a peculiar

odour and an acid reaction due to the presence of acid sodium phosphate,

except in excessive sweating, when the reaction becomes alkaline. It

contains water, salts, fats, volatile fatty acids, cholesterin and a trace of urea.

The excretion of sweat is dependent on two sets of nerves, namely,
special excretory nerves, and the nerves of the involuntary muscles of the
coils. Special sweat-centres are present in the cord and medulla.

The excretion of sweat is stimulated—(1) peripherally by certain drugs,

such as pilocarpine and muscarine ; and (2) reflexly and centrally by heat,

a venous state of the blood, and such drugs as strychnine ; the excretion is

diminished by atropine. The sweat not only eliminates certain effete

products from the blood and lymph, but it lubricates the skin.

(b) The sebum is a semifluid substance containing various fats, fatty acids,
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cholesterin, salts, albuminoids, and water mixed up with epidermic debris

and a few horn-cells. No excito-secretory nerves have been demonstrated

in connection with the sebaceous glands.

The old view that the sebum was mechanically secreted by pressure

caused by the contraction of the arrector pili is no longer admitted, and the

secretion is now believed to be due to the vis a tergo caused by the con-

tinuous elaboration of fat by the sebaceous cells. The secretion of sebum
is augmented by an increase in the temperature and the blood-supply to

the gland. The function of the sebum is to lubricate the hair.

4. The Sensory Function.—The presence of the peripheral nerve termina-

tions in the skin make it sensitive to touch, common sensation, pressure

and traction.

5. The Protective Function.—The waxy fat in the stratum corneum gives

to the skin the character of a waterproof coating for the body, and also

prevents too great evaporation and absorption of toxins or poisonous gases
;

the close union of the cornified cells enables the skin to resist mechanical

injuries, and prevents the entrance of micro-organisms.

6. The Function of Absorption.—As long as the stratum corneum is intact

the skin has little absorptive capacity, but if it be abraded absorption by
the papillae readily takes place.

Neither water, nor alcohol, nor substances dissolved in them are absorbed

by the healthy skin, except at the mouths of the follicles and sweat-pores.

On the other hand oils and fats and substances suspended in them are

absorbed, and the more nearly allied the fat is to that of the skin the more
active is its absorption. The degree of absorption of substances suspended

in fats depends on their power of becoming volatilised at a low temperature.

If the skin-fat be removed by washing with ether, absorption by the skin

takes place more readily. Gases are also absorbed by the unbroken skin.

Bacteriology of the Skin

General Introduction . . 136 I Bacteria Identified with various
Bacteria present on the Healthy Diseases op the Skin . .138

Skin 137
|

General Introduction.—The more exact our knowledge of dermatology
becomes the greater is the role which micro-organisms are found to play in

its aetiology. "Within recent years a number of skin-diseases which had
previously been vaguely considered to be the result of some peculiar

diathesis or idiopathy, have been definitely proved to be parasitic in their

origin. Still, in spite of the recent elaborate researches and the extensive

literature which has collected around the subject, our knowledge of the

dermatological flora is very far from being complete. Sabouraud has aptly
compared it to an ancient map in which the large countries alone are

mapped out, while all within the lines enclosing them is blank and unknown.
The study of the bacteria of the skin is complicated and difficult. At one
time or another any micro-organism may become deposited on the skin, so

that a complete description of the subject would necessitate a reference to

almost every known variety of bacterium. Micro-organisms are found in

largest numbers in those regions of the skin which are least exposed to

friction, such as the axillae, the groins, and the clefts between the fingers,

and where the sebaceous glands, which form a suitable soil for the growth
of most micro-organisms, are in greatest profusion.

For purposes of description the micro-organisms of the skin may be
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divided into two classes, namely, those which are accidentally deposited on

the surface and as a rule do no harm, and those which are invariably present,

and which find a suitable habitat in the stratum corneum and about the

epidermal appendages. The latter class of bacteria as a rule lead a perfectly

harmless saprophytic existence on the skin, but a number of them may,
under altered circumstances, so proliferate and increase in virulence as to

become pathogenic. For example, the staphylococcus epidermidis albus of

Welch, which is one of the most constant of all the denizens of the skin,

though usually harmless and saprophytic, may, by being passed through

animals, assume virulent properties indistinguishable from those of the

staphylococcus pyogenes albus. Similarly, the streptococcus pyogenes is

generally admitted to be a less virulent condition of the streptococcus

erysipelatis. Several bacteriologists have attempted to classify the various

species of bacteria which are generally present in the healthy stratum

corneum, and complicated lists of them have been published, but these differ

to such an extent in the number of the organisms included, and in the

types which are regarded as pathogenic, that they are of comparatively little

value, and they only serve to emphasise the difficulties of the subject.

These difficulties are in great part due to the fact that it is almost im-

possible to draw a hard and fast line between bacteria which are slightly

pathogenic and those which cause no apparent disturbance. At the present

time the confusion is increased by the endeavour on the part of several

well-known observers to find specific pathogenic characteristics in almost

every micro-organism which they find on the skin, and the equally

strenuous effort on the part of others to limit the number of specific micro-

organisms by simply regarding the majority of them as different stages of

a few polymorphic types.

It will be possible here to refer to only a few of the bacteria which are

commonly found in the healthy epidermis, and to the most important of

those which are pathogenic and cause various forms of dermatitis.

For purposes of convenience the latter will be described under the

heading of the diseases with which they have been identified, arranged

in alphabetical order.

Bacteria present on the Healthy Skin.—A list of the bacteria which
may be present on the healthy stratum corneum, and which lead there a

saprophytic existence, either owing to their occurring in small numbers, or

being in a state of diminished virulence, would of necessity be a long one.

Only a few of the more common of these need be mentioned. 1

Bacillus epidermidis : obtained from the skin between the toes, and from
the epidermic scales (Bordoni-Uffredezzi) (2).

Bacilli : 2-8 {x to 6 -3 p in length, and 0'3 n in breadth
;
grow slowly on

gelatine and do not liquefy it ; aerobic.

Bacillus epidermidis capsulatus : obtained by Damman (3) from scrapings

of the skin between the toes.

Bacilli : large, motile, with rounded ends, and generally occurring in

pairs ; capsule forms in gelatine cultures ; on gelatine it grows in irregularly

shaped bluish colonies which evolve gas, and emit a peculiar odour.

Bacillus fluoresceins epidermidis : obtained by Damman (3) from the tip

of the finger after thoroughly washing with absolute alcohol.

Bacilli : motile, usually arranged end to end in pairs ; liquefy gelatine

rapidly with fluorescence, the liquefied gelatine showing an upper green

layer and a lower fluorescent one. This bacillus resembles, if it be not

1 For a more extended list, see Galloway's article in Allbutt's System of Medicine, to which
the writer is indebted for much assistance in preparing this article.



138 SKIN, BACTERIOLOGY OF THE

identical with, B. fluorescens liquefaciens of Flugge, and the B. fiuorescens

liquefaciens minutissimus of Unna.
Bacillus gelatinosus : obtained from the skin between the toes.

Bacilli: slender, motile, with distinct capsule and often beaded like

tubercle bacilli
;

gelatine cultivations produce a colourless transparent

gelatinous material, which being incorporated with the purely chromogenic

organism has a granular or mottled appearance
;
plate-colonies are rusty

brown in colour on microscopical examination, and yellowish to the naked
eye.

Bacillus graveolens : obtained from between the toes (Bordoni -

Uffredezzi) (2).

Bacilli : short, liquefy gelatine, and give off a fetid odour like that of

the feet.

Bacillus aureus : described by Tommasoli (4) as occurring in the

epidermis.

Bacilli: slightly bent; l
-

5 /x. to 4 /x in length, and 0'5 /x in breadth;

arranged parallel in pairs or groups
;
grow on gelatine as irregular whitish

yellow colonies, and do not liquefy it.

(The same observer describes 6 bacilli, 10 cocci, and 6 yeasts as being

present in any scale from the epidermis.)

Micrococcus fluorescens subsidens : obtained from the healthy epi-

dermis.

Micrococci: in irregular groups or short chains; form pale yellow

creamy colonies on gelatine ; do not liquefy it.

Staphylococcus epidermidis alhus of Welch (5) : the most constant denizen

of the skin ; closely resembles S. pyogenes albus except that it is much less

virulent ; liquefies gelatine more slowly, and coagulates milk more feebly ; is

generally regarded as a less virulent stage of the ordinary white staphylo-

coccus ; is the same as the S. cutis communis of Sabouraud ; on gelatine

it forms opaque whitish colonies like porcelain, with irregularly rounded
edges ; on agar the colonies are generally smaller than those of the S.

pyogenes albus.

Polymorphic coccus of Cedercreutz (6) : assumes different appearances

according to the medium on which it is growing, the temperature, and its

state of virulence ; said by Cedercreutz to have been variously described as

the morococcus (Unna), S. cutis communis (Sabouraud), and S. epidermidis

albus (Welch), and under different circumstances by "Demme (1886),

Claessen (1893), Bulloch (1895), Whipham (1886), Berholm (1900), and
Whitfield (1900)." On ordinary gelose it may "assume all tints, from a milk-

white to a golden yellow, and on gelatine the culture presents a canary

yellow colour." It prefers slightly acid or neutral media. As a rule it

neither liquefies gelatine nor coagulates milk ; it varies considerably in

size and form, and may assume a flask-shape (" flask-shaped bacilli ") ; it

frequently occurs as diplococci.

Staphylococcus flavescens : obtained by Damman (2) from the skin of

the toes and genito-crural folds.

Staphylococci : form yellowish colonies ; begin to liquefy gelatine in

three to six days.

Bacteria identified with various Diseases of the Skin.—Acne
Vulgaris.—The formation of the acne pustule is always preceded by the

plugging of the pilo-sebaceous follicle by a comedo.
1. Bacteria found in the comedo.
(a) Microbacilli of Sabouraud (7) and Unna (8) and Bacillus acnes of

Gilchrist (9).
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Believed by these observers to be the specific cause of the comedo, and

by Unna to have pyogenic properties in addition.

Microbacilli : T25 p to 1*5 ^ in length, and 0-3 /* to 05 //, in breadth.

Assumes two forms : (1) young bacilli, resembling cocci, ovoid or barrel-

shaped, with a capsule, and (2) old bacilli, longer, sigmoid, united in chains

or arranged in bundles ; stain with Gram's method. On Sabouraud's special

medium colonies develop on the fourth day, and twenty hours after take

the form of brick-red cones ; frequently grow in association with S. cutis

communis, but in twenty-eight days the porcelain-like culture of the staphy-

lococcus dies, and that of the microbacillus remains pure ; inoculations on

the skin from cultures gave negative results.

(b) Flask-shaped bacilli : B. asciformis, Balloon bacillus (Hodara) ; B.

bouteille (Sabouraud) (7); situated about the head and mantle of the

comedo ; they invariably grow in association with the S. cutis communis,

and it has been suggested that they are degenerate involuted forms of that

micro-organism.

Bacilli : generally gourd or flask-shaped, with a large spherical portion

surmounted by a small rounded process, but they may be oval, round,

barrel-shaped, or thread-like ; 5 fi in length or longer ; arranged usually in

groups, stained by Gram's method ; in fluid media they form a deposit like

sand, and on solid media they grow as whitish radiate colonies.

(c) Diplococci, small cocci which do not liquefy gelatine, large cocci which

liquefy it, and S. epidermidis albus have also been described in comedones.

2. Bacteria found in the acne pustule: Staphylococcus pyogenes

albus, aureus, and various torulai.

Acne necrotica seu varioliformis: (a) Microbacilli (Sabouraud);

(b) S. pyogenes aureus.—The microbacilli, according to Sabouraud, are only

present in the initial stage of acne necrotica, and the peculiar necrotic

pustule is believed by him to be due to the symbiosis of both these micro-

organisms.

Alopecia Areata.—The parasitic origin of at least one type of alopecia

areata has recently been strongly advocated, namely, the type in which the

early lesions appear as small pinkish inflammatory patches, dotted over

with seborrhoic plugs, and frequently associated with pityriasis of the

scalp.

Sabouraud (7) has isolated fifteen species of micro-organisms from such

a case, one of which, the microbacillus (vide p. 138), he considers to be

specific. Though several experiments have been recorded where bald

patches are said to have appeared after the subcutaneous inoculation of

microbacilli, the evidence is not yet sufficient to be convincing.

Norman Walker (10) planted stumps from a number of cases of alopecia

areata on Sabouraud's medium, but with one exception, in which he obtained

a brick-red culture of microbacilli, all the hairs grew porcelain-like cultures

of S. epidermidis albus.

Carbuncle, due to the ordinary pyogenic cocci : Staphylococcus

pyogenes aureus ; Staphylococcus pyogenes albus ; Staphylococcus pyogenes

citreus ; Streptococcus pyogenes.

Chancroid, or ulcus molle : said by Ducrey to be due to a strepto-

bacillus.

(1) Streptobacillus of Ducrey (11): 14 fx long by 0'5 ^ broad; round-

ended ; -generally arranged in chains, decolorised by Gram's method
;
grows

on a mixture of human blood serum and agar (Petersen (12)), and on blood-

gelose in the form of shining whitish colonies ; experimental inoculation of

four cases by Besan^on gave positive results.
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Unna has described a streptobacillus as specific which is similar to that

of Ducrey; other observers deny that the streptococcus has specific

characters.

(2) Ordinary pyogenic cocci.

Cheiro-pompholyx, or Dysidrosis : now generally believed to be due to

a parasite; Unna (13) has described a peculiar bacillus which he claims to

be specific.

Bacilli : 2 -5 /x to 3 -5 /x in length and 0*5 /xin breadth ; arranged singly in

groups of four to six, or on short threads ; flourishes in sweat.

Ecthyma ; due to the inoculation of pyogenic cocci in badly nourished

and weakly resistant individuals. In one case of ecthyma terebrant, B.

pyocyaneus was identified (Ehler's).

Eczema.—There are at present two opposing views regarding the origin

of true papulo-vesicular eczema, which may be termed the amicrobic and
the microbic theories. According to the former view the vesicles of eczema
are at first sterile, and only become invaded secondarily by pyogenic

organisms, though it is generally admitted that the latter play an important

part in the complete evolution of the lesions ; and according to the second

theory, eczema is a local parasitic disease due to the action of one or several

micro-organisms. Moberg and Unna (14) have isolated twenty-three different

varieties of cocci from the skin in a series of cases of eczema including

eczema seborrhoicum, of which twelve were harmless and eleven pathogenic

;

two of these were capable of producing eczema by inoculation on the

human skin. Flask-shaped bacilli are frequently present. Other observers

consider eczema to be simply due to staphylococci (Bockhart (15, 16) Bender,

Gerlach). Staphylococci producing white cultures have been isolated by
Galloway and Eyre (17) from four cases of acute papulo - vesicular

eczema.

Eczema Seborrhoicum or Seborrhoic Dermatitis.—Numerous micro-

organisms have been identified with this condition, the most constant

being the S. epidermidis alhus and the flask-shaped bacilli. Unna described

a peculiar coccus which from its grouping he named the " morococcus."

This organism is now generally admitted to be identical with the S.

epidermidis albus. Owing partly to its confused terminology this subject

is at present in a too chaotic condition to demand more than a passing

reference.

Erythema nodosum : Demme's bacilli and various cocci have been
detected in the blood.

Bacilli of Demme (18) : 2-2 ii to 2 -

5 /x in length, and -

5 /x to 0'7 /x in

breadth ; rounded ends ; stained by Gram's method ; inoculated on the skin

or injected into the blood of guinea-pigs it produced an eruption resem-

bling E. nodosum which was followed by gangrene.

ERAMBffisiA, see Yaws.
Furunculosis : due to the organisms of suppuration.

Gangrene : several micro-organisms have been identified in the various

forms of gangrene. Veillon and Halle (19) isolated a bacillus from the pus

of an unopened abscess in a case of disseminated gangrene in a child.

Bacilli : about the size of the Klebs-Lceffler bacillus of diphtheria
;

straight or slightly curved ; often arranged in pairs like a V ;
grow on agar

in the form of greyish white colonies which emit a sour smell ; identical

with the B. ramosus of Veillon and Zuber (20). A somewhat similar

bacillus was detected by Matzenauer in hospital gangrene (21). Other

micro-organisms occur, namely streptococci, staphylococci, and B. pyocyaneus.

Impetigo.—(a) Simple impetigo is due to the inoculation of virulent
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pyogenic micro-organisms on any abraded or weakly resistant portion of

the skin.

(b) Impetigo of Bockhart (22) is a follicular disease due to the inocula-

tion of the hair-follicles with staphylococci.

(c) Impetigo contagiosa is believed to be due to streptococci, and the

presence of staphylococci in the lesions is regarded as a secondary con-

tamination (Sabouraud (23), Gilchrist (24), and Balzer, etc.)

Leprosy : most probably due to the B. leprce of Hansen (25).

Bacilli : 5 /* to 6 /* in length, and 1 //, in breadth ; closely resemble tubercle

bacilli, but are less curved and more pointed ; stain like tubercle bacilli

;

they have not been successfully cultivated outside the body, and inoculation

experiments, except in a few doubtful instances, have given negative results

;

occur in the granulomata of leprosy, in old lesions of ansesthetic leprosy, and
in nearly all the tissues of the body except the muscles, joints, and spinal

cord.

Mycosis fungoides : numerous cocci and bacilli have been identified in

the breaking down lesions, but these have probably no causal relation to the

disease. M'Vail, Murray, and Atkinson (26) have isolated a peculiar small

bacillus in their case.

Bacilli : 1 /* to 2*5 \i in length and 0*75 fx in breadth ; single or in pairs

;

sluggishlymotile ; stained by Gram's method; aerobic,with difficulty anaerobic;

grow in agar in the form of creamy white colonies, from the margin of

which short, fine, hair-like rays penetrate into the medium ; liquefy gelatine;

subcutaneous injection in rabbits causes death in twelve to sixteen days,

bacilli being found in the enlarged lymphatics.

Pemphigus.— Acute pemphigus : Pernet and Bulloch (27), have
isolated diplococci from the bullae.

Diplococci : about one-half longer than a gonococcus
;
grow on blood

serum with characteristic colonies
;

pathogenic to rabbits. Dahnhardt

(28) has identified a similar diplococcus in chronic pemphigus.

In pemphigus neonatorum the ordinary pyogenic cocci are present in

large numbers.

Purpura : numerous micro-organisms have been described in the dilated

vessels in P. hsemorrhagica, for example streptococci, pneumococci, and B. coli

communis. In a fatal case Kolb (29) described a short oval bacillus

{Bacterium liwmorrhagicum).

Bacilli : 0*8 fi to 05 //, in length, and 04 //, to 0-8 /x in breadth ; arranged

in pairs ; not motile
;
grow slowly on gelatine without liquefying it, forming

whitish colonies; produced purpuric lesions when inoculated on mice,

guinea-pigs, and dogs.

Pyodermia : due to the pyogenic cocci ; S. pyogenes aureus, albus,

citreus, cereus albus and cereus flavus ; streptococcus pyogenes ; and occasion-

ally B. pyocyaneus and B. coli communis.

Ehinoscleroma : specific short bacillus described by v. Frisch (30).

Bacilli : 2 p in length and 05 /x in breadth ; rounded ends ; enclosed in

a gelatinous capsule ; arranged singly or in characteristic groups lying in a

gloea ; situated in the protoplasm of Mikulicz's cells, or free in the lymph
spaces ; form shiny pin-head colonies on gelatine, and do not liquefy it

;

pathogenic to mice and guinea-pigs, but did not cause rhinoscleroma

when inoculated.

Seborrhea oleosa : considered by Sabouraud to be due to the micro-

bacillus (31) (page 138).

Syphilis: various micro-organisms have from time to time been described

in connection with the lesions of syphilis, and several have been put for-
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ward as the specific cause of the disease. Bacilli have been described by

Lustgarten (32), Jullien, v. Niessen, and others, and cocci by Disse and

Taguchi. Of these micro-organisms the best known is Lustgarten's

bacillus.

Bacilli :
3'5 ^ to 4-5 //. in length, and 0'28 //, in breadth ; straight or

curved, ends clubbed ; stain by Ziehl-Neelsen's method ; resemble the

smegma bacilli ; have not been successfully cultivated outside the body.

Trichorrhexis nodosa : Hodara (33) and Spiegler (34) have identified

peculiar bacilli in the shafts and follicles of the affected hairs.

Bacilli : 1 /* to 6 p in length or longer, and 0*3 /* in breadth ; rounded ends,

stained in the hairs by aniline gentian-violet and by the other methods for

staining the fungi of ringworm in the hairs
;
grow on agar in the form of

small, round, whitish grey colonies which tend to become confluent ; liquefy

o-elatine slowly ; inoculation from cultures produced the disease in previously

healthy hairs.

Baymond has described a diplococcus.

Tuberculosis cutis : due to Koch's tubercle bacillus. It has been

found in lupus vulgaris, tuberculosis verrucosa cutis, and erythema

induratum—Bazin.

Yaws : several micro-organisms have been isolated in association with

the lesions of yaws, and have been regarded as specific by those who

described them ; but specific characters have not been definitely established

in any of them. Among these are a yeast (Powell (35)), a bacillus

(Breda (36)), and a micrococcus (Nicholls and Watts (37)).
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Diseases of Sweat and Sebaceous Glands

Sweat Glands— Chromidrosis . 144
Sudamina .... 143 ffa^midrosis . 144
Miliaria (see also vol. viii.) . 143 Seborrhcea . . 144
Hyperidrosis 143 Sebaceous Glands . . 147

Diseases of the Sweat or Coil Glands.—It is now generally admitted
that these glands excrete an oily fluid as well as the saline fluid known as

sweat. On certain regions of the skin—notably on the palms and soles

—

they alone are concerned in the lubrication of the skin so very necessary in

these situations. It is probable that a deficiency in this oily excretion has

a more important connection with many diseases than has hitherto been
supposed.

Certain definite organic diseases are sometimes, though rarely, observed.

Cysts may form deep down in the course of the duct (hydrocystoma), and
suppuration occasionally occurs (hydroadenitis). Localised suppuration

in a sweat gland is probably the starting-point of boils in the axillary

region, where the glands are especially large.

Sudamina or crystallina is the term applied to the lesions produced in

certain diseases accompanied by excessive sweating. The sweat pore is

obstructed at its outlet, and the result is the appearance on the skin of a
clear vesicle, which looks like a drop of free fluid, but which, when touched,

is found to be covered by an extremely thin layer of horny cells.

Miliaria, which is often confused with this condition, is a form of in-

flammation of the skin, and should not be classed among the diseases of the

sweat glands.

The functional diseases are the more common and the more important.

Hyperidrosis, or excessive sweating, in its generalised form, is a frequent
accompaniment of constitutional diseases, especially certain fevers, in which
case it is, of course, of secondary importance. It is also sometimes influ-

enced by nerve impulses, in which case it may be distributed over the area

of a particular nerve, and is therefore frequently unilateral. There is often

general sweating in ansemia, and in some cases of hysteria, while in alcohol-

ism the skin often has a damp, clammy feeling from excessive secretion of

sweat.

Certain regions of the body are, however, specially liable to localised

hyperidrosis. These are the scalp, especially in premature alopecia, the
axillae, the groins, and the hands and feet. The secretion may be so

abundant, especially in the last two situations, as to lead to maceration of

the epidermis. The skin, consequently, is easily irritated, and inflammation
and Assuring often occur.

In many cases of excessive secretion the odour is unpleasant, but in a
certain proportion the odour becomes unbearable, and thoroughly deserves
the name of bromidrosis (Ppb^os, a stench). This change is due to the
the growth of bacteria in the sweat. When the condition affects the feet,

owing to the method of foot-gear generally in vogue, the parts are shut up,

and the symptoms are aggravated, the skin often becoming so tender that
walking is impossible. It seems probable that the bacteria present upon
the surface in some way stimulate the glands to continued and increased

secretion, this being especially likely on the palms and soles.
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Treatment.—The general health of the patient should be carefully

attended to, and all abuses stopped. Anaemia should be corrected by the

administration of iron, and other constitutional disease should be appropri-

ately treated.

The drugs which have a repute for checking the secretion of sweat are,

curiously, of comparatively little value in this condition. Atropin and

belladonna, agaricin and such like, usually disappoint the administrator.

According to Crocker, sulphur administered in large and repeated doses has

a distinctly beneficial effect. The local treatment consists in rigidly en-

forcing the most scrupulous cleanliness—the parts being washed, if neces-

sary, several times daily—and dressings being applied, if necessary, so as to

soak up the fluid as it is exuded, and prevent it from causing maceration

of the skin. For axillary hyperidrosis frequent bathing with very hot

water is often successful ; it generally checks the secretion for a time. The

hands and feet may be treated by causing exfoliation of the epidermis, by

the use of salicylic acid, resorcin, or some other reducing agent. This is

always followed by some improvement, but unless treatment is continued

relapse is inevitable.

In hyperidrosis pedum it is a very common practice to advise repeated

bathing and changing of the socks, which before they are put on should be

powdered with a mixture of boric acid and powdered talc. Other

applications are solutions of chromic acid, which hardens the skin, per-

chloride of iron, nitrate of silver, alum, etc. The feet are often cold, and

means should be taken to improve the circulation in them by exercise, the

wearing of woollen socks, and easy shoes. Tar is a remedy which possibly

is not sufficiently used in this disease ; if the skin will stand strong solu-

tions painted upon it, marked improvement often follows.

Neebe recommends a very heroic treatment in advanced cases, which

consists in patients standing for some seconds in a fiat dish which contains

just enough hydrochloric acid to cover the soles of the feet, which are the

regions specially affected. The feet are then bathed in an alkaline solution

and dressed with some soothing ointment.

Chromidrosis, or coloured sweat, should always be regarded with scepti-

cism. One or two authentic cases have been recorded where the sweat has

been stained blue, after excretion, by the growth of the bacillus pyocyaneus,

and instances are frequent where the underclothing covering the axillary

region is stained red. If in such cases the hairs in the axillae are examined,

they will usually be found to be sheathed with a dull substance which con-

sists largely of bacteria, and the red staining is brought about by these bac-

teria. The only cure for this condition, which is very obstinate, is shaving,

and the constant and prolonged application of antiseptics to the part.

It is said that green sweat is occasionally seen in those who work in the

manufacture of the copper salts.

Hcemidrosis, or bloody sweat, is extremely rare, and any supposed cases

should be investigated most strictly. Possibly the sweat may be slightly

blood stained in haemophilia.

Seborrhea.—The derivation of this name from sebum and pe<o, to flow,

shows that it is, etymologically, an incorrect term, and the word stearrhoea

has been suggested in its place. The word, however, has the general ap-

proval, and is not likely to be displaced It was originally applied when

the scales found on the scalp were supposed to be dried-up sebaceous secre-

tion, and the name remained when that was shown to be incorrect.

Eecently Sabouraud has harked back on the ancient meaning of the

word, and has sought to use it as an argument for his theory of the disease.
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It is therefore desirable to clear the ground, and to define the different

meanings attached to the same term by the two most prominent German
and French observers, Unna and Sabouraud.

Sabouraud regards seborrhcea as a disease produced by the presence of

an organism, which structurally is a fine bacillus, in the mouths of the seba-

ceous glands. This organism, he holds, stimulates and alters the character

of the excretion of the sebaceous glands, so that it becomes more fluid.

When the stimulation stops there, and there is merely an increased supply
of grease on the surface of the skin, he applies to it the old term of sebor-

rhcea oleosa. In many cases, however, a further effect is produced, the
mouth of the gland is plugged completely by a horny concretion, and the
disease becomes that generally known as acne.

Sabouraud further holds that the disease known as alopecia areata is

caused by the growth in the hair follicles of this same bacillus.

Unna, who was the creator of the term seborrhoeic eczema, holds views
entirely different from those of Sabouraud. According to him the scaling

of the scalp, to which our predecessors attached the term seborrhcea sicca, is

the prototype of the disease.

The scalp is peculiarly tolerant of irritation, and active counter-irritants

applied to it often produce only a slight amount of scaling, while on the
smooth skin they would produce a vesicular eruption or an actual blister.

Unna suggests that this scaling is due to some organism, and as the most
likely of these he selects the organism to which he has given the name
of the morococcus. In the scalp, however, organisms are so numerous
that it is extremely difficult to identify any one as the cause of a
disease.

From the scalp, where it originates, the disease spreads to other parts of

the body. Sometimes it spreads upon the forehead, where there is at once
shown the difference in the reaction of the skin, for the eruption on the

forehead shows by its hypersemia much greater evidence of reaction of the

skin than does that upon the scalp.

Other common seats of the disease are the sternal and interscapular

regions, where the eruption takes a ringed form, and is often confused with
ringworm. Behind the ears, where the skin is peculiarly thin and intolerant,

the reaction is great, and fluid is frequently exuded upon the surface, so

that in this region the eruption is moist. The flexures, too, are often affected,

and in the axillae and groins the circinate character of the eruption and the

resemblance to ringworm is often pronounced. All these eruptions on the

body have associated with them a peculiar yellow colour, most marked in

the centre of the patch, and Unna suggests that that is due to stimulation

of the sweat or coil glands, which excrete fatty substances to a greater

degree than they normally do.

Herein, indeed, lies one of the main differences between Unna and
Sabouraud, for Sabouraud does not appear to attach any importance to the
oily secretion of the sweat glands, while he regards dandruff, which has all

along been regarded as synonymous with dry seborrhcea, as a totally different

disease, for which he suggests the use of the old name of pityriasis. It is

one of the difficulties of dermatology that its exponents have too often felt

constrained to endeavour to fit new theories on to the old names.
When the eruption spreads, as it not infrequently does, to the limbs,

the tendency to the exudation of fluid becomes much less. There is but
little evidence of any increased secretion of oil, and the spots, usually rounded,
are pink in colour, are covered with silvery scales, and are indeed in the

opinion of many, including the present writer, indistinguishable from the

VOL. xi 10
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lesions of psoriasis. This, however, is hardly the place to discuss this

modern doctrine.

On the scalp one of the commonest results of seborrhcea is alopecia,

and the term of alopecia pramiatura is practically synonymous with that

of alopecia seborrhoica. It would seem that when the coil glands are

stimulated along with the epidermis, that there is not the same tendency

to alopecia. It is the dry form of inflammation which leads to the casting

of the hair, and to its succession by a less perfect one ; and this process

continually going on results in conversion of the ordinary hair of the scalp

into a fine down.
Another disease which is in all probability connected with seborrhoea is

that known as rosacea. While that disease has long been associated with,

and is undoubtedly aggravated by digestive disturbances, flushings, etc., it

will be found on careful examination that dry seborrhcea of the scalp is

present in the majority of cases, and it is suggested that the scales falling

from the scalp on to the face irritate the skin, and lead to its reacting with

hyperseinic dilatation of the vessels, and the formation of pustules on the

central region of the face, in the manner which is associated with this

disease.

Treatment.—The successful treatment of seborrhcea depends on the

recognition of the all-important fact, that the disease commences, and has

its most important seat in the scalp, and the disease on the body, though it

is more easily got rid of, will inevitably return unless the scalp is brought

into a healthy condition. This is best attained by frequent washing, and for

that a fluid soap is to be preferred to a hard one. The well-known Hebra's

soap spirit, which consists of two parts of soft soap and one of spirits of

wine, is certainly as efficacious as any.

The head should be wet with warm water, then some soap spirit poured

directly on the scalp, which should be vigorously shampooed for five

minutes ; thereafter the lather must be thoroughly washed out and the

head dried. Females often complain that the proceeding is very irksome,

and that the hair is apt to be matted after its use. This, however, is

generally owing to the fact that the soap has not been thoroughly washed

out of the part. In slight cases the repetition of this twice a week will

suffice to keep the disease under, and eventually to cure it; but if the

disease is more severe, further means must be employed.

There are two drugs which have a very marked influence on the catarrh

of seborrhcea, viz., sulphur and salicylic acid, and they may be applied to

the scalp in a very much more concentrated form than they can to the rest

of the body. Indeed it is usually necessary to warn the patient that the

hands must be washed immediately after making the application, for if an

ointment of say 10 per cent salicylic acid is applied with the fingers, these

very soon show signs of its action in persistent desquamation.

A useful application for ordinary cases consists of half a drachm each of

sulphur and salicylic with 1 oz. of vaseline. The modification of vaseline,

known as valsol, which is an oily-looking fluid, may be used instead of

vaseline. It is more easily rubbed in, and is not so greasy as the ordinary

preparation.

For the eruption on the body washing is generally indicated, but the

application must vary with the form of inflammation with which the skin

reacts. Thus if the eruption is moist, powders or pastes are to be preferred

to ointments, and if the eruption is very widespread a lotion may be used.

As already indicated, the smooth skin will not stand the same strength of

application as will the scalp, and from ten to twenty grains of each of the
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preparations is probably as much as is generally useful. In the drier forms

of the eruption sulphur does not seem to suit so well, and should be omitted

from the prescriptions in such cases.

Treatment must be kept up for a considerable time after the disease

has apparently disappeared, otherwise relapses will occur.

In alopecia seborrhoica the treatment already recommended for

seborrhoea is generally the most efficacious. The cure of the disease which

is producing the baldness is of much greater importance than the stimula-

tion by mild counter-irritants often advised, for the skin is already sufficiently

stimulated by the disease.

In rosacea the treatment of the scalp is of primary importance. Indeed

it is even possible to leave the face altogether alone and yet get a good

result. Kecovery, however, is hastened by simultaneous treatment of the

eruption on the face by a lotion containing sulphur and some bland powder,

such as calamine and oxide of zinc, made up so as to form a pretty thick

lotion. Glycerine is sometimes added to this, but it does not suit all cases,

and really is not an urgent necessity in the prescription, for the bottle

containing the lotion can be shaken vigorously before each application.

Eecently the chloride of adrenalin has been recommended as a remedy for

rosacea. It is administered internally and applied locally, but in the

writer's experience it only produced temporary improvement in cases which

subsequently rapidly improved under the treatment already recommended.

Diseases of the Sebaceous Glands.—The sebaceous glands vary in

size in different parts of the body. They are specially large upon the face,

and in this situation their mouths are occasionally inhabited by a parasite,

the acarus folliculorum, a parasite entirely harmless, though at one time it

was looked upon as the probable cause of acne vulgaris. Abscesses occasion-

ally occur in the glands, which, however, soon extend beyond their confines,

and spread into the tissues around. They may be occasionally the starting-

point of new growths, and the similarity in structure between them and
certain rodent cancers has misled many observers to the conclusion that

that disease is a carcinoma of the sebaceous glands.

The disease known as adenoma sebaceum is certainly not in every

instance correctly named. It is a disease which occurs in children whose

mental development is restricted. There is often a history of fits in infancy,

and there are some who have suggested that the disease may possibly be in

some way produced by the bromide of potassium usually administered in

such cases.

The disease consists in the development of a number of papules varying

in size, spread all over the face, but particularly in its central division.

They also occur upon the trunk, where they are not infrequently associated

with small fibrous tumours. In many cases the growths are of the type of

lymphangioma, in others they are fibrous, and it would seem that their

frequent occurrence upon the face, where the sebaceous glands are normally

large, has been overlooked in the estimation of the size of these structures

found in the sections of the lesions.

The only successful treatment is by destruction of the nodules, either

individually by electrolysis, or by ironing the affected region with the

thermo-cautery, so as to destroy them wholesale.
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Lupus.—Clinical Features.—The tubercle bacillus may reach the skin

by more than one route, and according to this and the reaction of the

patient to the germ, the appearances produced vary.

Lujyus vulgaris may be looked upon as the typical tuberculosis of the skin.

It is by far the most common, and it is the chief in importance and gravity.

It presents many clinical varieties, all having in common the presence

of the tubercle bacillus, along with those pathological changes which we are

familiar with as characteristic of the reaction of the tissues to that organism,

and differing according to various complicating and secondary changes.

The simplest and the most typical form of Lupus vulgaris is that where
there are found in the skin those elements which are described as the
" apple -jelly" or " barley -sugar" nodules of Hutchinson. These are

yellowish-brown areas about the size of a hemp-seed ; they may be found
discrete, or they may run together to form irregular areas. They are

evidently in the skin, and the epidermis runs unbroken over them. Their

true colour is best displayed by pressing on them a piece of glass, such as the

condensing lens of a Hartnack's microscope, for the pressure dispels any
complicating hyperemia, and no amount of pressure will cause the typical

nodule to disappear. This method, which Unna calls the " diascopic," is of

great value in the diagnosis of a doubtful case.

When examined microscopically, these nodules are found to consist of a

collection of those cells which Unna calls plasma cells, and which are best

known in Great Britain as epithelioid. These are aggregated into little

round areas, ten or a dozen of which go to make up a clinically visible

" apple-jelly " nodule. Occasionally a giant cell may be observed among
them, and very occasionally a tubercle bacillus.

At this stage, which may conveniently be styled Lupus vulgaris simplex,

the disease may remain in cleanly, healthy persons for an indefinite period,

giving rise to no inconvenience except from its appearance, and spreading

very slowly or not at all. Any part of the body may be affected, though,

as afterwards referred to, lupus has its preferences and favourite seats.

The disease, however, only exceptionally follows this simple type. The
most common complication, so common as to be to most the typical form

of lupus, is that of catarrh. Just as in catarrhal tuberculosis of the lung,

the catarrh is due to the addition to the original disease of other organisms,

so in the skin, micrococci are responsible for the change which converts a

mere disfigurement into a disagreeable, discharging eruption. The brownish-

yellow nodules become concealed by dirty yellowish-black crusts, and pus

constantly exudes from the apparently raw surface. This stage of the

disease has long been known and described as Lupus exulcerans, but the

term is a misnomer. There is no ulceration in the true sense of the word.

However ulcer-like the case may appear, careful examination will disclose

the fact that the surface is still covered, imperfectly it is true, with
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epithelium. The epithelium is swollen, distorted almost beyond recognition,

but it is still there. The process is essentially one of catarrh. In sections

appropriately stained, there are found on the surface myriads of cocci, and
to the effects of these are due the purulent discharge and crusting. The true

skin is packed with innumerable leucocytes, which in the majority of cases

make it difficult to recognise the tuberculous nature of the disease. It is,

indeed, often enough difficult in the leucocyte -impregnated tissues to

recognise the same process as in the simple variety of the disease ; but a

few weeks' appropriate treatment, and the apparent discrepancy is cleared

up—destroy the pyococci and the catarrh disappears, leaving the simple

variety of the disease.

Another common variety of lupus, which also has its analogy in the

lung, is fibroid lupus, often erroneously called Lupus verrucosus. The error

is curious and inexplicable, because there is a Lupus verrucosus which is

distinctly " warty " in its character, though it is much rarer than the

fibroid form. Fibroid lupus is most frequently seen on the limbs and
buttocks; it is exceptional on the face. In it there is an excessive pro-

duction of fibrous tissue, and the tuberculous nodules are few in number,
but show evidence of their chronicity in the presence of (for lupus) an
excessive number of giant cells. There is also some increased activity of

the epithelium, but no true warty formation. The prognosis of this form is

exceptionally good.

True warty lupus, Lupus verrucosus, is probably due to the addition to

the lupus of the cause, whatever it may be, which produces warts. It

occurs especially on the hands and on the buttocks. The same growth of

epithelium is seen as in warts, with long processes of connective tissue-

forming cores for the epidermic cylinders. As a rule the warty growth and
the lupus are co-extensive, but in some cases the warts last longer than the

tuberculosis.

Verucca necrogenica, or the post-mortem wart, is that form of

tuberculosis of the skin which appears on the hands of butchers and
pathologists, and it would seem a matter which will require a good deal of

explaining away if Koch's new theory is to be accepted. It is the most
benign form of tuberculosis, and indicates the vigorous reaction of healthy

tissues to repeated inoculation with the bacilli. A great part of the

growth is epithelial, as, indeed, the name wart suggests. It is commonly
situated at the side of the nail, and may persist for years, undergoing
very little alteration.

The treatment is that of the warty form of lupus, but if a complete cure

is to be attained, the work which caused the lesion must be for a time
abandoned.

Lupus is most common on the face, and in a great number of instances

it begins on the mucous membrane of the nose or the lachrymal canal, and
lasts there unsuspected for, it may be, months before it reaches the skin.

Perhaps the next commonest seat is the buttocks, and then come the hands
and feet. No part of the body is, however, exempt, unless it be the scalp,

where primary lupus is almost unknown, though the disease in rare

instances spreads from neighbouring affected areas. It is believed that in

some instances flies are responsible for the inoculation of the disease.

Diagnosis.—This is usually easy. Almost always at some part of the

disease the presence of apple-jelly nodules can be detected, and the diagnosis

is never absolutely certain until these have been recognised. Not infre-

quently, however, they are obscured by some of the complicating processes.

The catarrhal process very rarely entirely conceals them, for the borders are
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usually not so much affected as the centre by the catarrh. But in the

warty and in the fibroid form of the disease they are often exceedingly

difficult to recognise. In all cases the use of the diascopic method is to be

strongly recommended.
In addition to direct observation, a good deal of useful information can

be got from the history. It is not likely that a patch of eczema, or, indeed,

of any other inflammation of the skin than a tuberculous one, would last

for eight or nine years, as these cases frequently do, and suspicions of a

tuberculous nature being aroused, careful examination will usually lead to

their confirmation. The greatest difficulty in connection with diagnosis is

when a chronic ulcer occurs on the face of a patient of middle age. There

are two diseases which under these circumstances may be confused with

tuberculosis. These are syphilis and rodent ulcer. There are certain

differences between each, but these differences must be estimated as a whole

and together ; too much stress must not be laid on one. Tuberculosis is

most apt to commence in youth, syphilis and rodent ulcer toward middle

age. The rate of progress is slow in tuberculosis, rapid in syphilis, and slow

again in rodent. There is nothing very characteristic in the syphilitic

ulcer, but the apple-jelly nodule of lupus and the pearly edge of rodent

ulcer are each almost pathognomonic. Bodent ulcer is nearly always single,

tubercle in this situation very often so ; if carefully sought for, some other

sign of syphilis will be found elsewhere. If dependence is to be placed on

the effects of treatment as a means of diagnosis between syphilis and tuber-

culosis, the trial must be a thorough one, and judgment must not be entered

on the results of one bottle of iodide of potassium mixture.

There is one routine examination which should never be omitted. No
case of lupus of the face should ever be allowed to go with the mucous
membrane of the nose and the gums unexamined. The proportion of cases

in which the gum is affected is enormous, and the proportion of cases in

which its occurrence is overlooked, lamentable. Lupus of the mucous mem-
brane naturally looks different from the disease in the skin, on account,

first, of the redness of the surrounding tissue, and, second, of the moist con-

dition in which it is constantly kept. The nodules are usually a little

elevated over the surface, and the whole area has an embossed appearance

like shagreen leather. The disease in this situation often gives rise to

little inconvenience, and patients are often unaware of its existence.

Prognosis.—This is by no means easy. Cases which are left to nature

usually occur in the lower classes, where the added disadvantages of in-

sufficient care, food, etc., must be taken into account. If a simple case of

lupus were left to itself, and the parts kept clean, and if the patient

happened to be in good circumstances, the natural course would be for the

disease to extend very slowly though steadily. Any disturbance of health

would always involve the risk of catarrhal complications, with increased

disfigurement and more rapid extension of the disease. On the other hand,

cases are sometimes immensely improved by a simple change of residence

to a more healthy locality, where the patient, usually a child, has the

opportunity of being much in the fresh air. Indeed, it is unnecessary to

Waste words on this question. The prognosis of lupus is exactly the same

as that of tuberculosis generally. When it is catarrhal, progress will be

rapid ; when it is fibroid, advance is slow. When treatment is taken into

account in the prognosis, we are still by no means certain of our ground.

In the first place, all the various factors, such as the health of the patient,

the surroundings, etc., have to be taken into consideration. When that is done

we can consider the bearing of treatment directly and alone, and it must be
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most clearly understood by the patient that if he desires to get completely

rid of his disease, which it is quite possible for him to do, he must submit

himself to a prolonged course of treatment, that patience must be wanting

neither on his side nor on that of his physician, and that a certain amount
of irksome detail must be attended to for years. The perfunctory surgical

treatment of lupus, scraping a case and then not seeing it again for six

months, has no prognosis, but if the case be carefully attended to after such

an operation the chances are by no means bad. The fibroid variety of the

disease has the best prognosis, cases on the limbs often recovering without

any treatment, while the catarrhal form has the worst.

Treatment.—One object of dwelling so definitely on the varieties of the

disease, and pointing out the essential differences of one from the other, was •

to make it clear that the treatment of all is not alike. Obviously the same
treatment is not applicable to a case scabbed and discharging, as to a hard,

fibroid patch. The aim of treatment is to reduce the complicated to the

simple form, to get rid of the complications, and then to treat the disease

directly. This involves separate consideration of the different varieties.

After they have been dealt with, the treatment of lupus as a whole will be

considered.

Catarrhal Lupus.—This, as the commonest form of the disease, may
be taken first. As has already been pointed out, this catarrh is due to

the presence of micro-organisms and their products, and these must be got

rid of. Though there are many methods, the simplest and most efficacious

is the sharp spoon. It removes diseased tissues and organisms en masse,

and will do in ten minutes what less active treatment will take weeks to

accomplish. In using the sharp spoon in this way it is not necessary to

use much force. The catarrhal tissues are exceedingly soft and rotten, and
can be removed with the greatest of ease. At the edge of the patch the

spoon may be used a little more vigorously, but at this stage one cannot

really hope to eradicate the disease by any amount of scraping.

If for any reason the patient objects to the operative treatment, a

similar result may be achieved, though much more slowly, by the applica-

tion of antiseptics. Brooke's ointment

—

Zinci oxidi
Pulv. amyli
Vaselini albi

aa 5ij.

OSS.

Hydrarg. oleat (5 per cent)

Ac. salicyl.

Ichthyol....
01. lavendutae .

. 5j.

grs. xx
"I XX.
q.s.

enjoys a wide reputation in this connection, but any antiseptic constantly

applied will produce almost as good results. So, too, will another method
of treatment, popular in certain quarters, namely, the administration of

thyroid substance.

Fibroid Lupus.—Here the complication is the excessive growth of

fibrous tissue, which must be got rid of before it is possible to attack the

lupus directly. Scraping is useless. No surgeon with any ordinary instru-

ment is vigorous enough to scrape away the tough fibrous tissue. The best

method by which it can be dissipated is counter -irritation. Probably

blistering fluid is as suitable an application as any other, but carbolic acid,

the acid nitrate of mercury, and many other caustics, may be used. The
reaction often does more than dissipate the fibrous thickening, for a large

amount of the disease proper is also removed, and what is left is now open
to direct treatment.
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Warty Lupus.—In this, as already indicated, the warts are rather to

be looked upon as an addition than as a complication. They are best

removed by the knife or scissors, although they may also be removed by

various applications, such as acetic or salicylic acid. If they are present

over a large surface, the best treatment is to level the part with a razor.

Lupus Vulgaris Simplex.— In dealing with the simple form of the

disease (whether it has always been simple or has been reduced to this from

another form) our aim is the destruction of the tubercle bacillus. The first

method of treatment which may be considered is that of excision. Theo-

retically, excision is the best method, but, unfortunately, the practical

application does not coincide with the theory. Lang, of Vienna, apparently

treats all his cases, however severe or extensive, by this method, but he

seems to attain a degree of success which is not even distantly approached

by any other operator. Cases are often made worse by excision, the disease

returning in the scars or grafts, often apparently with redoubled activity.

The only form of the disease in which excision seems justifiable is the fibroid

form, and in that the prognosis is so generally good that, unless in special

circumstances, it is rarely necessary. If excision is to be done, it must he

thorough. The line must extend well beyond the external evidence of the

disease, and the entire thickness of skin must be removed from the part.

If it occurs on the face, the fact that the hair follicles often extend very

deeply must be borne in mind.

The next method of treatment may be described as the directly

destructive method. In this we apply to the skin drugs which have what
is called a selective action, because they act very much more vigorously on

the weakened, diseased lupus tissue than on the healthy surroundings.

Of these the most demonstrative is arsenious acid. This is made into a

paste

—

R Acidi arseniosi . . . grs. x.

Cinnabar .... 5ss.

Ung. rosse .... §ss.

and applied night and morning for three days. The pain is excessive, and

it is often necessary to administer morphine. The whole region swells up,

often to an alarming extent, and at the end of the third day the lupus

nodules are seen as little black sloughs, dotted here and there, in an

intensely hypersemic, swollen skin. Under soothing remedies this swelling

goes down, and so much of the disease is removed. Nicholson recommends

a paste of equal parts of arsenious acid, powdered acacia, and orthoform,

the latter ingredient almost annulling the pain of the arsenic. The dis-

advantages of the method are, the pain and swelling which it causes, and

the unsightly scars which often result unless very great care is bestowed

on the management of the resulting granulating surface. Salicylic acid

has a similar action. In no form is it so efficacious as in Unna's salicylic

creasote plaster. Ointments with a similar composition are not nearly so

satisfactory, and the plasters should always be preferred. They are made
in different strengths, and the strongest which the patient can stand should

be selected. The 30-40 formula is a fair average one. The plaster should

be applied night and morning, and in a few days the lupus nodules stand

out in the form of whitish sloughs, which can be wiped away with cotton

wool. Now comes up the question of what is to be the further treatment.

Many at this stage apply soothing ointments, as in the arsenical method,

but if the patient has the fortitude to persevere in the use of the plaster

until healing take place under it, the results are much more thorough,
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lasting, and satisfactory. Often, however, the pain is so great that he

refuses to continue, and some other application must be used. Nothing is

gained by promoting too rapid healing of the ulcers of the skin. Indeed,

the longer the part is kept open and discharging, the longer does the benefit

seem to last. Dry iodoform or a pretty strong iodoform ointment may be

rubbed into the part
;
probably the iodoform destroys some of the bacilli

which still exist. By several courses of this plaster the nodules may be so

reduced in number as to be open to individual treatment. They may
similarly be reduced in number by another less painful method, viz. the

very thorough application of oleate of mercury. The formula recommended
by Allan Jamieson is

—

R Hydrarg. oleat. 5% . . gj.

Ichthyol . . . . mxx.
Acidi salicyl. • • • . gr. xx.

This must be thoroughly rubbed into the part for at least twenty minutes

every night, and ten minutes every morning. The results are usually very

satisfactory. When by one or other of these means the nodules have been

reduced to a manageable number, methods such as the thermo-cautery are

applicable. The ordinary Pacquelin point is too broad to be of any benefit

at this stage. The point must be so fine as to enable one to pierce the

individual nodules, and the best instrument for this purpose is Unna's
" microbrenner," in which a copper point is fused on to the end of the

platinum. With this any visible nodule is pierced and immediately

destroyed. The galvano-cautery is more useful, mainly because the burn

is followed by a greater amount of reaction than that of the thermo-

cautery, but it is, of course, not always available. Another and a simpler

method is the puncture of each nodule by a pointed wooden match dipped

in some caustic. The favourite caustic for this purpose is the acid nitrate

of mercury, and the simplicity of the method is a strong recommendation.

The operation must be repeated and repeated until every single nodule has

disappeared, and only then should the patient be released from observation,

with orders to report himself at the first sign of recurrence. The fact

that this preparation loses its strength when kept must be borne in mind,

and the fresh preparation should be used with great caution, for it often

produces a serious amount of destruction.

The disease may also be attacked indirectly. Probably the two methods,

the direct and indirect, are always more or less combined, though the one

usually predominates over the other.

The indirect method aims at setting up such a reactionary hyperemia
in the skin that the tuberculous material is destroyed indirectly. When
the disease affects the limbs, the congestive method of Bier may be tried.

This consists in applying a ligature so as to produce prolonged congestion

of the part, and is in some cases as useful in lupus as it is in tuberculosis

of the joints.

More commonly the reaction is produced by the application of some

irritant. The action of carbolic acid is almost entirely indirect. The
slough produced by its destructive action is so superficial that it notoriously

hardly leaves any scar, and, therefore, its chance of penetrating down to

the diseased nodules is very small indeed. It sets up, however, a consider-

able reaction, and under its application the nodules grow less in number
and size. The acid nitrate of mercury may be used in the same way.

Kaposi used a solid stick of nitrate of silver, ploughing furrows in every

direction through the disease. This method is only available in the



154 SKIN, TUBEECULOSIS OF

catarrhal form of the disease in which other means of treatment are

preferable.

The Liquor antimonii chloridi is another valuable application. It does

not produce such severe immediate results, but after a few days' application,

it being painted on daily, the part generally becomes so tender that it

must be intermitted for a few days. There is no better application to

entrust to the hands of a patient of only ordinary common sense than the

liquor antimonii chloridi, and it has the further advantage that it may be

applied to the fibroid form, and thus remove both the complication and the

disease at once. Pyrogallol is another useful remedy. It is best used in

the form of a ten per cent ointment, which should be continuously applied.

It sets up a considerable reaction, but as the effects of that are beneficial,

it should not be stopped on that account. It may also be applied in

collodion, but the effects are not nearly so satisfactory.

In the selection of any of these methods one must be guided by a

variety of considerations. The cosmetic effect is one of the most important.

If the disease is on the face of a girl, one is bound to be more considerate

of the resulting appearances than in the case of a male. In a working

man, vigorous scraping with the sharp spoon may be used. While this

often results in somewhat unsightly hypertrophic scars, the rapid removal

of the disease is in such cases of most importance. In the case of a girl

the spoon should only be used lightly, and be directed to the removal of the

diseased products rather than to the removal of the disease itself.

Arsenious acid, too, though thorough, is often followed by unsightly scars,

and should not be used when appearance has to be considered.

The applications which are followed by the best cosmetic results are

salicylic acid, liquor antimonii chloridi, and pyrogallic acid, probably in the

order named. If the disease is very extensive, of course the possibility of

the absorption of any drug must be considered, as must the painful effects

which they each produce. If the patient is very sensitive, probably

antimony is as good as any other treatment, different parts being painted

in succession. In the case of children the element of pain must be

specially taken into consideration. It is obviously absurd to expect a child

to put up with the constant boring pain of salicylic acid and some of

the other preparations, and in children, speaking generally, the best

application is carbolic acid. The pain is severe for the moment, but rapidly

vanishes, and even though it may not be the most suitable application to

the form of the disease, the fact that there is a patient behind the disease,

as Mr. Morris sagely remarks, must never be forgotten.

Lupus of the mucous membranes is best treated by the application of

strong lactic acid, the part being painted daily, or less frequently if

the pain experienced is very severe. Improvement is usually obvious and
rapid.

Photo -therapy.—The two methods of photo -therapy are not very

easily compared with the older methods of treatment. In the first place,

they involve an apparatus of considerable expense, and are therefore

only likely to be used by those who have a considerable number of cases

to treat.

The one which has been most largely used is the X-ray method. The
dermatitis set up by exposure to the rays soon became familiar, and it

was to this irritative effect that the benefit which resulted was originally

ascribed. Experience, however, has shown that, over and above their

irritant effects, the rays have a directly Curative influence. Often enough

under their use, without any evidence of irritation, beyond it may be a
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greater tendency to scaling, improvement steadily goes on. The catarrhal

complications vanish. The skin becomes smooth, and the nodules diminish

in number until each one may be identified.

While the rays may be used in any case of lupus, the unaffected parts

being protected by lead-foil, they are of special value in widespread cases,

for their effects reach far beyond the area of skin directly exposed to them.

In circumscribed patches, where the healthy surrounding parts are covered

with lead-foil, no great harm is done if irritation is produced, and such

cases may be exposed for five minutes daily until the case is cured. If the

reaction is excessive, then an interval of rest is desirable. In widespread

cases, such as those affecting the whole face, greater caution is essential.

The patient should be exposed, once only, for ten minutes to the rays, and
several days should then be allowed to elapse so as to gauge the suscepti-

bility of the individual. If there is no reaction, then daily exposures may
be commenced. If there is reaction, then the intervals between the

exposures must be lengthened, and the time of exposure shortened.

In extensive cases affecting half or the whole of the face, no method of

treatment can approach the X-rays in their efficiency.

The other (Finsen's) method of treatment, the application of concen-

trated light, is more tedious, and was until recently enormously more
expensive, so expensive as to place it beyond the reach of any but wealthy

hospitals. Recently many new and practical modifications of the method
have been introduced, and now a working Finsen apparatus can be pro-

cured at a cost less than that of a good coil. It consists of a small arc

lamp surrounded by a water-jacket. The apparatus is very rigidly mounted,

and the patient leans heavily against the lens, through which are focussed

the rays, on the part which it is intended to treat. The object of this

pressure is to dispel the hyperemia of the part, for the rays only penetrate

red with difficulty.

With this modified apparatus exposures of a quarter of an hour's dura-

tion produce a reaction over an area four times the size in a quarter of the

time requisite in Finsen's original apparatus, in which the lenses were very

small. On the next day a blister appears upon the surface, which may be

dressed with any simple ointment, and allowed to heal up while other parts

are being attacked. In this way the whole affected surface is gone over,

over and over again, from five to eight times circuits being usually neces-

sary to complete a cure.

Both these methods are followed by extremely satisfactory scars—scars

infinitely superior to those produced by any other method of treatment.

Their use does not prevent the simultaneous application of other

remedies, and particularly, when the nodules are greatly reduced in number,

they may be individually destroyed more easily and more rapidly by some
of the simpler methods already referred to.

Internal Treatment.—There is no specific for lupus any more than for

tuberculosis in general. The only medicine which seems to have any effect

on the disease is cod-liver oil, which, by improving the general condition of

the patient, enables him more successfully to combat the ravages of the

bacillus. Thyroid has already been alluded to. It certainly dissipates the

catarrhal products, but has little further influence. Creasote, arsenic,

chloride of calcium, and other drugs which have been at one time or another

recommended in the disease, have but little influence.

There are one or two other forms of tuberculosis of the skin which are

not included under " Lupus."
Scrofuloderma is the term used to describe those cases of tuberculosis
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of the skin where the infection proceeds from a tuberculous focus beneath.

Thus it is most common over broken-down tuberculous glands, and in the

neighbourhood of fistulse from tuberculous bones. The appearances are

familiar enough. The reddened skin, often with a bluish tinge, the thin

ragged edges, the comparatively scanty discharge, and the tendency to

fibroid thickening in the neighbourhood, coupled with the chronic course of

the disease, make up a picture which is easily enough recognised. The

infection of the skin being secondary, this disease is usually of secondary

importance. The underlying disease is the essential element, and on its

cure depends the progress of the skin malady. Sometimes the infection

develops into true lupus, which may persist after the underlying disease

has disappeared, but as a rule the cure of the one is associated with the

cure of the other.

Treatment.—This really belongs to the surgeon. The case should be

taken in hand by him long before there is any risk of infection of the skin,

and with the improved modern methods of dealing with tuberculous

glands, the disfiguring scrofulodermata of the neck are gradually becoming

less and less frequent. When the disease has infected the skin, and the

focus beneath is comparatively small, a thorough scraping will in many
cases successfully eradicate the disease. Scraping in scrofuloderma is

followed by a success which does not follow it in the treatment of lupus.

But it is well to recall once more what has already been said, that these

cases are in the province of the surgeon, and if the medical attendant is

not prepared to take them thoroughly in hand and treat them radically, he

ought to hand them over to some one who is.

The other forms of tuberculosis are rarer, and hide their identity and

nature under other names.

Erythema induratum scrofulosorum, or Bazin's disease, is an

affection which occurs most frequently in girls and young women whose

occupation involves a great deal of standing. It attacks the legs only,

usually the lower part of the calf, posteriorly. One or more nodules develop

below the skin, which takes on a livid bluish colour. The nodule increases

in size, and ultimately its centre breaks down ; a slough separates, and the

clinical resemblance to a syphilitic gumma becomes very close. An
erroneous diagnosis is made. The patient is put to bed. Large doses of

iodide of potassium are administered, and the patient has the advantage of

rest and the hospital diet. When recovery takes place, the credit is

attributed to the accuracy of the diagnosis, and the suitability of the

treatment prescribed, nevertheless the patients do equally well if the iodide

of potassium is omitted.

Etiology.—Some observers are sceptical of the tuberculous nature of

this malady, but bacilli have more than once been found ; inoculation ex-

periments have several times been successful; the architecture of the

growths is that of tuberculosis, and the positive evidence far outweighs the

negative.

According to Whitfield, two conditions are confused under this name,

one a tuberculosis, and the other a condition of vascular origin. This latter

form occurs, he says, in later life, and is associated with phlebitis and some

endothelial proliferation. This second group of cases is very much more

amenable to treatment, and often a week's rest is sufficient to clear up all

the lesions.

Diagnosis.—The seat of the disease, the age of the patient, the history

of prolonged standing, and the peculiar livid -blue colour of the early

lesions make the diagnosis comparatively easy. The only condition with
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which it can be confused is the syphilitic gumma, and tertiary symptoms
in young girls are at least very exceptional. Erythema nodosum, which is

also common in young girls, develops much more rapidly ; the lesions are

both painful and tender, they are generally more numerous, and are

situated on the front of the leg, whereas those of erythema induratum
occur on the back and sides.

Prognosis.—This is favourable ; rest, etc., as described under treatment,

almost always resulting in comparatively rapid recovery.

Treatment consists in rest in bed, elevation of the limb, generous diet,

and the administration of cod-liver oil. The healing of the ulcers is often

promoted by strapping of the part.

Lichen Sckofulosorum.—This is an eruption which appears on the
trunk of children who are suffering, or will suffer, from some form of tuber-

culosis. Most commonly it occurs in those who have either bone or lung
disease, and in using the expression "will have," one, of course, labours

under the difficulty that the recognition of the skin disease directs attention

to the possibility, and leads to the sometimes successful treatment, of a

tuberculosis which may not be otherwise recognisable. In this respect a

knowledge of the disease is important, as it may be the first warning of the

presence of tuberculosis.

The eruption is usually on the trunk, although in exceptional cases it may
spread to the limbs and face. The forms it assumes vary. Some of the
papules very closely resemble lichen in their shape, and have the burnished
top which is associated with that disease; but this is merely due to

mechanical causes, and the papules have not the lilac colour of that

disease. Others of them are pustular, while others, again, are covered with
a tiny crust. Their distribution is irregular ; but they show a tendency to

group themselves in circles, and segments of such. This is merely due to

the accident of a number of pustules being situated in the hair follicles,

whose natural arrangement they naturally follow. The lesions are,

however, by no means restricted to the follicles, and for this reason the
term of Folliculitis scrofulosorum, suggested by Unna, is probably no great

improvement on the one which at present is in use.

Diagnosis.—The occurrence in children, the unusual nature of the rash,

in which papules and pustules are arranged in circles, and segments of these,

and the presence of some other evidence of tuberculosis, usually make this

easy.

Treatment.—No treatment is so successful as that originally introduced
by Hebra, which consists in the internal administration and the external

application of cod-liver oil.
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Introductory.—To attempt a full description of tropical cutaneous

diseases would be quite outside the scope of this article, since it would
necessitate reference to almost all morbid skin conditions.

Many pandemic diseases, such as Scabies or the Syphilides, are hardly

affected by tropical conditions, except perhaps in the direction of increased

severity.

Contrasting with these are some in which such conditions either have a

decided influence in causation, as in Furunculosis, or impress, as in Eing-

worm, distinct features upon the disease.

Yet another class is limited in distribution, as far as is yet known, to

warm climates, and apparently altogether depends for development upon
their climatic or other peculiarities. To this last group therefore, and to

any peculiarities in the second resulting from change of climate, attention

in this article will mainly be directed.

Physiology of the Skin in Warm Climates.—The general physiological

effect of tropical heat is to withdraw the blood from the centres of circulation

to its periphery. The amount of increase varies, of course, with the degree

of heat, the fluid ingested, the exercise taken, and inversely with the degree

of humidity ; but Eattray (1) calculates that the skin circulation is increased

by 33 "27 per cent, balancing the reduction in that of lung and kidney.

The Negro, with his copiously secreting sweat and sebaceous glands,

appears to have accomplished this adjustment of the circulation, and the

chilliness and polyuria generally experienced by the European on leaving

the tropics, and his increasing habit of perspiration when long resident

there, suggest that with him also it occurs to some extent.

The hyperemia and increased functional activity, with the profuse

secretion induced, must therefore be expected to predispose in his case to

cutaneous disease, or aggravate that already existing, just as in the negro

this circulatory alteration appears to predispose to pneumonia in cold

weather. Not infrequently, however, some chronic complaints, for instance

certain forms of eczema, derive benefit from a change to the tropics. The
amount of sensible perspiration naturally varies with the degree of humidity,

a fact of some significance, for it is during rainy seasons and in humid
climates, where the clothing is constantly saturated, that Prickly Heat
chiefly occurs, and that the epiphytic and ectozoic skin diseases find especi-

ally favourable influences for development.

The chief conditions, then, which influence the prevalence and impress

peculiarities upon cutaneous diseases in warm climates may be summed up
as follows :

—

(1.) Purely climatic conditions, such as solar heat, high temperature,

and humidity.

(2.) Personal conditions.— The entry of organisms is favoured by the

difficulties attending cleanliness of person and clothing where perspiration

is constant and excessive, by faulty personal hygiene among natives, which
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reacts upon neighbouring Europeans, and by the prevalence of small abra-

sions from insect bites or scratching. When once entered, the debility and
malnutrition, so frequently the result of climate and disease, materially

aid their development.
•* (3.) Environmental conditions.—The distribution of the Chigger itself

and of the intermediate hosts of Filarise determines the occurrence of disease

associated with these parasites, while inefficiently supervised water-supplies,

and the careless habits of natives with regard to washing, are largely

responsible for the spread of these and allied ailments. With Europeans

the occurrence of boils and prickly heat is aided by their habits as regards

diet and alcohol.

The flies, mosquitoes, or other insects, so numerous in the tropics, also

play an active part in the causation of skin disease, either by depositing

larvae (mycosis), by merely acting as passive carriers of infection, as in

yaws possibly, by actually introducing germs or parasites in their bites,

or, indirectly, by carrying infection into drinking-water.

(4.) Eacial proclivities.—The negro, either from greater skin pigmenta-

tion and production of oily secretion, or more probably from differences in

clothing, is far less liable to prickly heat than either white or brown races, but

on the other hand he is, in addition to an unexplained tendency to keloid,

infinitely more likely to be attacked by germ or parasitic diseases. The ex-

planation of the European's comparative immunity to theseprobably lies in the

protective influence of clothingand foot covering,his greater attention to small

abrasions, and avoidance of dirty houses and clothes, and of diseased persons.

(5.) Lastly, there are certain unknown endemic conditions which
determine the occurrence of verruga and oriental sore.

General Care of the Skin.—The diet should be adapted to the climate.

Less albumen and fatty matter being necessary, fruit and vegetables should

be largely substituted, and liquids, especially alcohol or hot drinks, restricted

as far as possible, and the water-supply supervised. Woollen or cellular

clothing is best in humid atmospheres, and like that of the native should

be loose fitting, light in colour and texture, and free from tight bands, thus

permitting proper air circulation. Frequent changes of clean underclothing,

and especially the use of short drawers washed by some trustworthy person,

help to prevent Dhobie Itch. It is also necessary to protect the lower

extremities from contact with mud and water. Frequent bathing should be

indulged in, but soap little used.

Mosquito and insect bites should be avoided as far as possible by means
of nets, but even slight abrasions must be carefully attended to. For
opposing skin surfaces, dusting powders of starch and zinc oxide are useful,

and general inunction of lanoline or other preparation is a useful preventa-

tive of Prickly Heat where there is a tendency to this complaint.

I. Caused by Climatic Conditions

(a) Peickly Heat.—Synonyms : Lichen Tropicus, Miliaria Papulosa.

—

Nearly all Europeans in hot, damp climates suffer from this affection. The
eruption usually develops suddenly, closely following or coincident with a

profuse perspiration, and consists of numerous hypersemic-looking, pointed

papules intermingled with a few minute, shining vesicles containing clear

fluid. Once developed, anything which excites perspiration, and especially

hot tea or exercise, will at once increase the characteristic prickling, tingling,

and burning sensations, while the irritability of the skin is accentuated by
scratching and by the friction of soaked clothing.
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Almost the entire cutaneous surface, except the palms and soles, may be

involved, but the site of election is where the clothing is in contact with
the body, around the waist or on the back, trunk, oriextensor surface of

the forearms. With varying severity the eruption may persist for almost

any time, but speedy improvement usually follows falling temperature or

lessened humidity. Though not in itself dangerous, the resulting irritation

and insomnia may complicate disease or in delicate persons even in itself

prove injurious, while organisms introduced by scratching or wet clothing

are a fertile source of subsequent Furunculosis.

Pathology.—Pollitzer (2) found cyst-like spaces in the rete mucosum
which he regarded as dilated sweat ducts produced by the occlusion of their

orifices by the swelling of the horny layer from soaking in perspiration.

Pollitzer found no evidence of inflammation or of alteration of the coil

glands, but Torok (3), as the result of his investigations, regards the vesicles

as inflammatory in origin. From the occurrence of the eruption only where
there are sebaceous glands, Pearse (4), on the other hand, inclines to regard

it as an acute seborrhcea, the result of irritating secretion and over-produc-

tion by these glands. It seems, however, more reasonable to suppose that

the washing away of sebum by the copious watery secretion prevents it from

efficiently performing its function of oiling the skin, and therefore allows

the swelling of the horny layer. The thickness of the latter, and the

natural absence of sebaceous secretion in palms and soles, explains their

immunity from eruption. Although irritation possibly plays a part in pro-

duction, the other view is borne out by the special prevalence of Prickly

Heat in humid climates and during the rainy season, where evaporation is

hindered, and by its preference for parts in contact with clothing, where
sweat collects. It occurs, too, on the backs of prostrate invalids in the

tropics, and the writer has frequently seen recurrences in old tropical

residents during an English summer, confined to the region beneath

the abdominal belt. Similarly Europeans are the chief sufferers, while

negroes are almost immune, partly perhaps from their naturally oily skin,

but largely from the paucity and looseness of their clothing and from their

habit of anointing themselves with oil.

Treatment.—Perspiration should be reduced by the utmost possible

avoidance of exertion and of liquids, and by occasional saline purgatives.

The clothing, light both in colour and texture, should consist of woollen,

cellular, or silken material which will absorb much moisture and thus permit

evaporation. To make it loose and airy, braces and belts should be avoided

and combination garments worn, while the position should be changed and
grass mats, or " dutch wives," l used for the bed, with the same object of

avoiding prolonged contact with the clothing. The latter should be

frequently changed. No soap should be used in the bath, as it removes the

sebaceous secretion, but inunction with some oily material after the bath,

such as almond oil and lanoline—8 of oil to 1 of lanoline—with menthol to

allay irritation (Pearse), or cocoa-nut oil (Moores) (5), should be substituted,

as it helps to prevent the swelling of the horny layers. Menthol, carbolic

acid, or calamine lotions will temporarily allay irritation.

(b) Intertrigo.—A certain degree of this almost invariably occurs in

the tropics from heat and moisture combined with chafing. On board ship,

possibly from salt-water bathing, it is particularly prevalent. It is raw and

painful as well as itching, and if irritated may proceed to vesicle formation

or even pustulation, while, as with ringworm, recurrences on return of

exciting causes are very common. The usual site is the crutch, and the

1 These are hollow cylinders of open rattan work, used in tropics.
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ailment is chiefly important as providing a favourable opportunity for the
attacks of tropical ringworm or similar disease.

Treatment.—Careful toilet of the skin is the best preventative. If

developed, rest, separation of the opposing surfaces, and dusting with some
soothing antiseptic powder usually suffices for the time.

(c) Leucodermia and Keloid.—Although the exact pathology of

these two diseases is at present unknown, the extreme liability of many
natives of warm countries to disease of the pigmentary system of the skin,

such as leucodermia and albinism, and of black- and yellow-skinned races

to keloid, seems to point to climatic influences as factors in their causation,

and they are therefore mentioned here.

II. Constitutional Infective Diseases with marked Skin Lesions

Some of the exanthemata, and in particular scarlatina, do not flourish

in tropical countries, but, on the other hand, chickenpox and smallpox are
infinitely more common. The absence of vaccination probably accounts for

the latter. In addition to these, however, there are three constitutional
diseases, leprosy, yaws, and verruga, which are prevalent in the tropics and
which more particularly affect the skin. These are elsewhere described.

Shima mushi, the river fever of Japan, might also perhaps be mentioned
here, although it is not communicable.

III. Skin Diseases probably or certainly caused by Bacteria

(a) Boils.—Although universally distributed, this troublesome affection

is particularly common in the tropics, and in hot, moist climates few escape.

The sodden state of the skin and clothing, the numerous minute lesions

resulting from insect bites and prickly heat, the debilitating effect of

excessive heat and poverty of diet, provide conditions eminently favourable
to the presence, entry, and development of the responsible organisms.
They are especially prevalent on board ships after long spells of ship's food
and distilled water, and among men rather than officers, probably because
these conditions are then aided by salt-water bathing and less care about
underclothing. Moist weather increases their prevalence, while defective
diet undoubtedly predisposes, and largely from this latter cause more than
half the crew of the writer's ship suffered on one occasion, although the
infection was doubtless conveyed from one to another.

Treatment.—Fresh diet, vegetables, attention to general health, cleanli-

ness, and care of the skin form the most useful prophylactic measures.
Calcium sulphide and other drugs have been recommended. When the
disease has developed, removal of the constitutional condition which has
favoured development of the bacterial cause is perhaps even more indicated
in the tropics than elsewhere. With this object, purgatives and chola-
gogues are often valuable, but fresh meat, vegetables, or lime juice are even
more necessary. Calcium sulphide in quarter-grain doses every two hours
is recommended by some, yeast by others, but with anaemia at all evident
port wine or iron and quinine tonics are probably more useful.

Local Treatment.—Salicylic acid plaster application, or boring into the
centre with a pointed wooden match charged with pure carbolic acid
(Manson) (6), will often abort a commencing boil. With general furuncu-
losis frequent antiseptic baths are of value. In advanced stages soothing
and protection, with prevention of auto-inoculation by absorption of dis-

charge, are the chief desiderata, and Bulkeley's (7) method of treatment

vol. xi 11
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answers admirably. The centre of a square of absorbent cotton is coated

with the following ointment : Fy
1 Acidi carbolici, gr. 10 ; ext. ergotse liq. 3i

;

pulv. amyli, zinci oxidi, aa 3ii ; unguent simpl. 31, and fixed over the boil by
strips of plaster so applied as to leave the centre free from pressure,

Incision is valuable in boils of scalp and axilla.

Boils of External Ear.—Although a common enough affection at home,

this is infinitely more prevalent in damp tropical regions like West Africa

or the West Indies. No doubt their occurrence is favoured by constitu-

tional deterioration and the suitable local conditions, while their prevalence

in ships again suggests salt water as an etiological factor.

Symptoms.—Pain, tenderness, and localised swelling are the prominent

features, but the condition must be distinguished from the diffuse inflam-

mation sometimes complicating otomycosis.

Treatment.—Cleanliness, careful drying of the ear, and avoidance of salt

water constitute the best means of prophylaxis with boils as with otomy-

cosis. The most satisfactory treatment of the developed boil is early

incision, followed by instillation of some antiseptic to prevent the produc-

tion of others by auto-inoculation. A very good anodyne and antiseptic is

as follows :—R/ Carbolic acid, cocaine, aa gr. 10
;
glycerine, 5ii. Instil a

few drops.

(b) Furunculus Orientalis.—See vol. iv.

(c) Veldt or Natal Sores.—Although hardly a tropical ailment,

this seems a suitable opportunity for mentioning a form of ulcer to some
extent allied to furunculus orientalis, but apparently peculiar to South

Africa, and frequently encountered during the recent campaign. One or

more, rarely exceeding the size of a shilling, may be present, and generally

involve the exposed portions of the body. The sore usually commences as

a blister with serous contents and with ill-defined margins, fading gradually

into healthy skin. When this bursts it leaves a red, irritable-looking

ulcer, surrounded by a halo of redness, and which involves the true skin

and extends marginally. The discharge is either serous or purulent, and
sometimes forms crusts over it. Lymphangitis is an occasional complication.

^Etiology.—There is little doubt that the entry of some organism,

probably inhabiting the soil, determines the occurrence of these sores, and
Ogston (8) has found a micrococcus resembling the gonococcus in large

numbers in the fluid. Mounted men have been said by some to be specially

liable, and ticks or horse flies may possibly influence causation by producing

cutaneous lesions or by carrying infection. The sores occur all the year

round. Natives of the country appear to be immune.
Treatment.—Ogston recommends cutting away the dead skin around,

and the application of some good antiseptic dressing.

(d) Tropical Phagedena.—Synonyms:—Donda Ndugu, Yemen,
Cochin China, or Mozambique ulcer.—A rapidly spreading, necrotic ulcera-

tion of skin and subcutaneous tissue, common in the tropics.

Geographical Distribution.—There is probably hardly a tropical country

free from this disease. Especially frequent upon East African and Pted Sea

shores, and in Cochin China, Cayenne, and Fernando Po, it is also common
in the Western Hemisphere, in such parts as the West Indies and Mexico,

and occurs in even comparatively temperate climates like Algiers or Egypt.

^Etiology.—The disease chiefly attacks those debilitated by climate,

enfeebling disease, starvation, over -exertion, or unhealthy surroundings.

For this reason badly fed and feeble natives subject to exposure are the

principal sufferers, and for long it has been the scourge of exploring expedi-

tions and of slave-gangs. It is principally found in low, clamp jungle lands
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with hot debilitating climates, such as sea-coasts and shores of rivers and
swamps, and is less common in dry elevated localities.

Doubtless some micro-organism is the essential cause, and Le Dantec (9)

has found in the exudation swarms of non-motile bacilli, straight or curved
and 7/a to 12/x in length. He has not, however, succeeded in either finding

them in the blood, cultivating them, or obtaining any positive results from
inoculation. He believes that the organism is contained in damp soil, and
is carried by flies, but his investigations are incomplete. The virus

probably effects an entry on all occasions through some abrasion, insect

bites, or skin eruption. To some extent the disease resembles hospital

gangrene, both setiologically, clinically, and, according to Le Dantec,
bacteriologically, but it is far less infectious and tends to self limitation,

while experiments to transmit it have failed.

Symptoms.—Generally, though not always, the legs below the knee are

the parts most affected. Where there is no pre-existing wound, the first

appearance is usually that of a puffy swelling, giving a boggy, fluctuating

sensation, and presenting one or two whitish blebs with sero-sanguineous

contents. Although it causes lameness, it is, as a rule, unattended by pain

or heat, but there may be a painful reddish marginal zone. The swelling

subsequently ruptures and leaves exposed a large, pulpy, gray mass of

slough, which extends with wonderful rapidity from auto-infection with
the discharge, and the surrounding parts become infiltrated with grayish

exudation. Not only may this necrotic condition involve skin and sub-

cutaneous tissue, but also muscles, tendons, nerves, vessels, or even peri-

osteum of bones. When the slough is exposed there is a foetid odour, and
pain may be intense and constitutional disturbance of an adynamic type

marked.

Pre-existing wounds if attacked become dry, dark-coloured, and rapidly

necrotic.

Provided the health is fair, the ravages of the disease may be checked
and chronic ulcers result, but with debilitated patients it may make rapid

strides and cause death by opening a large vessel or from septic absorption.

Usually, however, the process is sooner or later checked, but life -long

deformity not infrequently results from the extreme destruction of tissue.

Treatment.—Prophylaxis resolves itself into the care of the general

health, particularly of native camp followers in expeditions, insistence upon
proper care of skin lesions, and protection of the legs by putties or other

coverings. Those attacked should be isolated. Where the ulcer is present,

the constitutional condition should be treated by nourishing diet, fresh

vegetables, lime juice, quinine and tonics, and opium is generally necessary

to relieve pain and give sleep. Locally vigorous treatment is best. The
sloughing mass should be removed by the actual cautery, curetting, or by
swabbing with pure carbolic (Manson) ; the surface is then dressed anti-

septically, or better, irrigated or placed in a continuous antiseptic bath.

Should sloughing again recur the mass is again removed. When once

checked the treatment is that of ulcer, but splints, strapping, or skin

grafting are often needed to aid cicatrisation.

(e) Pemphigus Contagiosus.—Tobi Hi.—A contagious skin affection

characterised by the formation of vesicles and bullae and subsequent

exfoliation of skin.

Geographical Distribution.—It is met with during the hot season along
the southern coast of China, and in Japan and the Straits Settlements, and
has also been described in Madras, Queensland, Trinidad, and America.
Very possibly it occurs in other hot, damp climates.
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JEtiology.— Children, especially of European parentage, are chiefly

attacked, and particularly favourable opportunities for its spread are

provided by schools and similar institutions. Among adults, Europeans

occasionally suffer, but natives rarely do. The cause is probably of a

bacterial nature, and a diplococcus has been found in the fluid of the

blebs by Manson (10) and Munro (11). The latter observer cultivated it

in various media, but failed to reproduce the disease in lower animals.

Yokuma (11) has, however, successfully inoculated a patient already

infected, and obtained pure cultures from the lesion.

Symptoms.—Minute red hypersemic spots precede the development of

vesicles and bullae which rapidly form on their site. Slight itching or

burning usually heralds their appearance but then diminishes, although,

when they collapse, it may return. The bullae and vesicles are hemi-

spherical in shape, and in size vary from that of a split pea to that of half

a large marble ; there is sometimes a slightly marked area of congestion

around. Within them is fluid containing leucocytes, the diplococci, and a

few cells from the stratum granulosum. This fluid, at first clear, subse-

quently becomes opaque and the blister flaccid, at which period it usually

ruptures, discharging its contents and leaving a weeping red surface under

the cuticle, which at times continues to exfoliate round the margin.

Rarely, the bullae may coalesce, thus denuding a large surface. Later, all

that is left is a pinkish spot, perhaps covered by a thin scale. The eruption

in adults is commonly confined to the crutch and axillae, where it may
occasion much irritation ; in children it is spread to any part of the body

from scratching or other methods of inoculation.

Diagnosis.—To some extent the disease resembles impetigo contagiosum,

but the lesions involve trunk and limbs rather than face, and the exfolia-

tions around the periphery of the ruptured vesicle are composed of

desquamated epithelium and not dried pus.

The absence of constitutional disturbance, of ulceration and scarring,

and the non-occurrence of the eruption on mucous membranes, with the

occasional larger size of the bullae, distinguish it from varicella. In adults,

the absence of itching festooned margin, and of fungus, help to differentiate

it from tropical ringworm, for which it may be mistaken.

Treatment.—A cure is readily obtained by thorough cleansing with

antiseptic lotion such as perchloride of mercury, and subsequent application

of soothing antiseptic ointments, compresses, or dusting powders, but its

contagious nature must be remembered and all necessary precautions taken

with regard to isolation, clothing, and so on. Tonics, particularly arsenic

and quinine, are occasionally indicated.

(/ ) Craw-Craw.—In West Africa this name is given to various itching

cutaneous diseases, most commonly, in the writer's experience, tropical

ringworm or scabies. O'Neil (12) in 1875 first described as craw-craw a

contagious disease resembling scabies, in which he found numerous filaria-

like organisms on shaving off the tops of the papules. Later, Nielly (13)

saw in an untravelled French lad a similar papulo-vesicular itching

eruption with nematode embryos in the blood, in addition to organisms in

the papules, and called it Dermatose Parasitaire. Emily (14) has likewise

described under the name craw-craw a papulo-pustular affection common in

tropical Africa and in India, China, and elsewhere (Manson). An itching

papule forms, which as the result of scratching becomes inoculated with

pyogenic organisms and by auto-infection with discharge extends, producing

a pustular eczema. Eecently, Bennett (15) has analysed eighty-three cases

of so-called craw-craw, fifty-eight of which he found to be tinea circinata.
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The disease in the remainder was extremely contagious, and after an

incubation period of two to four days began as papules, which developed in

four or five days into vesicles and pustules ; the hands, arms and thighs

were principally affected. The discharge from the vesicles was peculiar,

stiffening linen, and producing yellowish crusts, under which the pustules

formed, and gave rise to pain and irritation. Filaria perstaus was present

in the blood of twelve of these cases, filaria nocturna in two. Doubtless

they might have been seen in blood from the papules, thus proving the

possibility of Manson's suggestion that O'Neil's organisms came from this

source. Bennett looks upon the disease as a pustular eczema, and thinks the

name craw-craw should be abandoned.

Treatment.—Antiseptic ointments, or better, thorough cleansing with

lotions or baths and removal of crusts and discharge, with subsequent dry

dressing with boric powder, rapidly effects a cure, but articles of clothing,

such as stockings, infected by discharge, should be destroyed. The writer

found peroxide of hydrogen spray useful in similar cases.

IV. Caused by Animal Parasites

(a) The Chigger or Chigce—Pulex Penetrans— Sand-Flea.—
Geographical Distribution.—Though originally found only in latitudes 23° N.

to 28° S. of the Western Hemisphere, this parasite was introduced into

Gaboon about 1872, whence with marvellous rapidity it has invaded all

tropical Africa, entered China, and threatens India, where elaborate pre-

cautions are being taken to prevent its spread.

Description.—The chigger resembles the common flea in appearance, but

is smaller and has a proportionately larger head and broader abdomen. Its

colour is reddish-brown. Although not confined to them, its favourite

haunts are low plains, and especially sea-shores and the banks of rivers.

The filth and debris about native huts and cattle-sheds provide its head-

quarters, and in the dust of dark corners of these, larvae and mature insects

protect themselves against rain and high temperature, which are injurious

to them.

Both male and female suck the blood, but the harmful effects are

produced only by the female, which, when impregnated, bores obliquely

through the epidermis to the corium whence she obtains nourishment.

Here by development of the eggs the abdomen rapidly enlarges at the

expense of the second and third segments, while the unchanged posterior

segment blocks the opening in the skin. The eggs, if discharged by its

rupture, develop into thirteen ringed larvae, which become surrounded by a

cocoon, pass through a nympha stage, and arrive at maturity after eight or

ten days.

Symptoms.—The entrance of the parasite is marked by itching, often

unnoticed by recent arrivals, and the small opening can be seen in the

centre of an inflammatory swelling, usually either in the sole or great toe,

or in the folds of the toes, the parts nearest the ground, although ex-

ceptionally they attack the scrotum, hands, or elsewhere. From the

condition of their houses and from absence of foot-covering, natives are

especially liable. The parasites usually number one or two, but there may
be many. By their abdominal swelling considerable irritation is caused,

the chigger becomes bathed in pus, and the skin finally gives way and
expels it by ulceration. If the abdomen is ruptured during extraction, or

pathogenic organisms enter, this may be very severe.

Treatment (Prophylaxis).—Houses supposed to be infected should be
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cleaned and swept, especially during rains, disinfectants used liberally, and
sleeping on the ground or walking bare-foot avoided.

When the parasite has entered it can be killed by chloroform or

turpentine, but the best treatment is enucleation with a clean needle.

Natives are most expert operators. If the abdomen is ruptured during
extraction pure carbolic acid should be used.

(6) Cutaneous Myiasis. See Myiasis, vol. viii.

(c) PANI GrHAO—GROUND OR WATER ITCH—SORE FEET OF COOLIES.

—

Dalgetty (16) describes as epidemic, during the wet months, among coolies

in Assam, Sylhet, and other parts of India, a superficial vesicular dermatitis

resembling scabies, and a similar disease is reported from Trinidad (17) and
British Honduras.

Symptoms.—Burning and itching are followed by the appearance of

vesicles, usually first beginning in the clefts of the toes, and spreading over

the dorsum and around the outer edge and sole, but also occasionally in-

volving the hands. The vesicles are at first distinct, but possibly coalesce

later and form large blebs or proceed to pustulation or even ulceration or

sloughing. Complete laming may result from involvement of both feet.

^Etiology.—The disease only occurs in tea-gardens after they have been
opened for some years, as the ordure deposited by the coolies forms a breed-

ing-place for the acarus found by Dalgetty in these cases. He gives an
elaborate description of this parasite and its ova, and thinks that it may be
carried by dung beetles. Impaired health predisposes to its attacks. 1

Treatment.—Evacuation of the pustules, disinfection of the skin, and
application of lime and sulphur or coal-tar ointments, or of phenyl lotion,

will effect a cure. For prevention Dalgetty recommends close-fitting shoes

or clogs.

(d) Filarial Diseases involving Skin and Connective Tissues.

Filaria Medinensis—Filaria Nocturna—Filaria Volvulus—Filaria Loa.

See article on Filariasis, vol. iii.

(e) Ixodiasis—Ticks.—Walking through long grass in many tropical

and sub-tropical regions not infrequently results in the acquirement of

several of these parasites, as the larvse climb grass or shrubs and await with
their front legs outstretched for any passing animal. An attempt at

forcible removal from the skin often breaks off the rostrum, and leaves it as a

source of irritation until eliminated like a thorn. When gorged with blood

the parasite will drop off by itself, but it can be removed at once by touching
the ventral surface with a feather dipped in turpentine or petroleum.

Powder of Pyrethrum flowers dusted over a bed and a lighted lamp
alongside it will keep ticks off at night (18). The recent discoveries as to

their role as carriers of infection constitute additional reasons for efficient

protection from their attacks.

(/) Leeches.—Leeches, terrestrial in their habits, occur in abundance
in many tropical countries, while they so abound in pools that natives often

refuse to enter them. Additional reasons are thereby afforded for efficient

protection of feet and legs and for care about wading in these regions, as

the attacks of these parasites may result in very considerable loss of blood.

Manson (19) saw cases of horse-leech in the nostrils of men as well as

animals in Formosa, and a similar infection has been seen in Southern
Europe and Northern Africa. Headache, repeated epistaxis, and anaemia

were the symptoms produced.

1 Recent investigations by Bentley not only throw doubt upon the connection of this acarus

with causation, but also suggest that either the larvse of the ankylostoma or bacteria found in

the soil with it are mainly responsible.
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V. Caused by Vegetable Parasites.

(a) Dhobie Itch.—Synonyms : Tropical ringworm, Herpes circinatus,

Eczema marginatum, Tinea circinata, Burmese ringworm.—The name
dhobie itch is frequently given in hot countries to almost any itching

cutaneous eruption in the crutch or axilla. True ringworm, here as else-

where, is probably due to the presence of tinea trichophyton or microsporon

audouini, but not only must it be distinguished from the prevalent erythema

intertrigo and from pemphigus contagiosus, which in adults involves these

regions, but also from erythrasma. The usually unirritating microsporon

minutissimum and also microsporon furfur, stimulated by tropical con-

ditions, may produce patches not unlike true ringworm, which in colder

weather become brown, furfuraceous, desquamating surfaces, yielding the

characteristic fungus on examination ; only to relapse when again exposed

to similar influences.

JEJtiology.—Though often unjustly blamed, the washerman frequently

conveys infection to Europeans. For instance, in the writer's ship, off the

Gold Coast, where no one landed, all whose clothes were washed ashore

were attacked while no one else suffered.

With natives the opportunities for direct contagion provided by their

crowded houses and the proximity of their domestic animals, and for

indirect by their inattention to hygiene, and careless habits with regard to

bathing and to clothing, together with the favourable climatic conditions

for the possible growth of the fungus as a saprophyte, no doubt account for

their great liability.

Symptoms.—Although scalp ringworm is comparatively less common,
no part of the body is exempt, but the crutch and axilla are the regions

usually involved. Dull red itching spots of lean ham-colour develop and
spread in festoons over scrotum, buttocks, or thighs, forming an irregular

patch. As the raised erythematous itching margin extends the centre

becomes pale and scurfy, although always liable to again inflame. Hot
rainy weather increases the severity of the disease, and it tends to disappear

in cold and recur in warm weather. It is more deeply situated than in

temperate climates, and from heat, moisture, and irritation is apt to assume
a much more irritable aspect, and to be complicated by vesicle formation or

even pustulation or ulceration. The fungus is sometimes difficult to find

by microscopic examination.

Treatment.—After thorough cleansing of the part, chrysophanic acid

gr. 20 to lanoline §i., may be rubbed in twice a day. It should not be

applied to the face, and should be stopped when erythema appears around
the patch, while the staining effects on the clothes must be remembered.
Linimentum iodi of double strength (Manson) is useful for natives, and,

although painful, also in the writer's experience, for Europeans. One or

two applications of glacial acetic acid followed by ice to relieve the pain,

tincture of leaves of cassia alata, freshly prepared sulphureous acid or

naphthol in alcohol, one per cent, may all be substituted.

Prophylaxis.—The use of light cotton drawers, which have been washed
by a trustworthy person, and proper attention to the toilet of the skin, are

useful prophylactic measures.

(6) Tinea Imbricata.—Synonyms : Gune, Tokelau or Bowditch Island

ringworm, Herpes desquamans, Le Pita.—A scaly affection of the skin pro-

duced by. a vegetable parasite.

Geographical Distribution.—Europeans are but rarely attacked by this

disease, but in many islands of the South Pacific and the Eastern Archi-
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pelago a considerable proportion of natives are affected, and it has gradually

extended to the Malay Peninsula, Burmah, Bengal, and the Philippines

and Formosa.

Symptoms.—Experiments performed by Manson (20) showed that if a

point be inoculated, a minute brown spot appears there after ten days in-

cubation. This steadily enlarges, and a few days later the epidermis

ruptures in the centre and becomes separated from the corium everywhere

except at its outer edge. Once more a brown spot forms in the centre and

a similar process occurs, thus forming two rings of scales, one inside the

other. Thus the disease extends, and by inoculation of other parts gives

rise to fresh centres of growth, and by their coalescence various designs are

formed, and the original concentric pattern interfered with. When a

patient presents himself, therefore, a large portion, or even the entire

cutaneous surface, is often covered by these scaly concentrically-arranged

rings. The scales (about \ inch in length by \ inch in breadth) are only

attached by their peripheral margin, where the profusion of fungus produces

a brownish discoloration, which contrasts with the paler colour under the

rest of the scale. Severe itching may be experienced, but otherwise there is

no discomfort. The eruption avoids the crutch, axillae, and nails, and usually

the hairy scalp, palms, and soles. The most typical patches are found be-

tween the shoulders or other parts protected from mechanical irritation.

JEtiology.—If, after moistening with liquor potassse, a scale is examined

microscopically, a profusion of fungus, not unlike the ordinary Tricophyton,

is found. It differs, however, in its greater abundance, and its chains of

spores are oval, rectangular, or irregular rather than globular, and more

numerous than the mycelial threads, which, in their turn, are long and

straight or gently curved rather than short (21). Fairly high temperature,

moisture, and uncleanly habits favour its growth and spread, but too high

temperature, cold, or dryness exert an unfavourable influence. Tribondeau

(22) appears to regard it as a lepidophyton. Clinically, the disease is dis-

tinguished from ordinary ringworm by the invariable presence and the

microscopic features of the fungus, the absence of inflammation, the large

scales, the wide surface involved, and its avoidance of the axillse. In

addition the corium is not invaded, nor the hair follicles when the scalp is

attacked; the disease does not abandon a part once involved, and lastly

there are the effects of inoculation.

Treatment.—Any epiphyticide will, from the extent of surface, kill the

parasite, but time is required, and the clothes must be burnt or disinfected.

Manson recommends the linimentum iodi for natives, but ehrysophanic acid

or cassia alata leaves are also valuable.

(c) Mycetoma. See vol. viii.

(d) Otomycosis.—Highet (23) and others have shown that this affection

is common in Singapore and Bangkok, and no doubt it frequently occurs

elsewhere in the tropics, as constitutional deterioration, with heat, moisture,

and the very general presence of the spores of penicillium, aspergillus, and

mucor provide favourable conditions for its development.

Symptoms.—Sensations of blocking and stuffiness, deafness, itching, and

yellowish watery discharge, with the presence of soft wool-like substance

in the meatus, are the leading features. Intense pain usually means the

advent of diffuse inflammation, a not infrequent complication. Microscopic

examination will settle the diagnosis.

Treatment.—Eemoval of the fungus, repeated syringing with warm
perchloride of mercury lotion, 1 in 5000, and subsequent instillation of

alcohol, thorough drying with wool, and dusting with some soothing anti-
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septic powder, constitutes the treatment recommended. It will probably

have to be repeated.

(e) Pinta. See vol. ix.

(/) Piedka.—This disease of the hair is confined to the inhabitants,

more particularly the women, of the United States of Colombia.

At irregular intervals along the hair-shaft, minute hard pigmented and

gritty nodes develop, which crepitate when the hair is combed or shaken.

They first occur about half an inch from the point of exit of the hair and

completely invest it ; many may attack a single hair. The disease is not

contagious. Although barely perceptible the nodes are easily felt, and when
well developed are not unlike pediculi (nits) (24). Only the head is in-

volved, and the affected hair is said to be weakened and to smell acid.

The nodes are rather hard, and are deeply pigmented on the surface.

If examined microscopically after treatment with ether and liquor potassse,

they are found to consist of honeycomb masses of mycelia and spores.

These latter are large, angular from pressure, and joined together by a

cement-like material containing minute rod-like filaments. Evidently

therefore piedra is a fungus growth, but. it is thought to be predisposed to

by the mucilaginous oil used as hair-dressing by native women, or by the

water of certain streams. From its frequent occurrence in warm valleys

heat also appears to favour development.

Treatment.—Cleanliness, the application of epiphyticides, or, if obstinate,

shaving the affected hair is the treatment recommended.
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Introductory.—Eingworm has during the last few years received a

great deal of attention, thanks mainly to the exhaustive investigations of
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Sabouraud, especially as regards the differentation of the various fungi, their

microscopical appearances, cultivation, and botanical relations generally.

And although the discussion of these points has been somewhat academic,

and has not up to the present led to any advancement in the way of treat-

ment, yet it has stimulated thought and breathed life into a subject which

had fallen into the rut of the commonplace.

However interesting an historical survey of ringworm from the setio-

logieal point of view might be, the matter cannot be dealt with in this

place. The reader must therefore be referred to the works mentioned at

the end of this article for further information (vide Literature).

Leslie Koberts's opinion that the ringworm fungi exert a keratolytic

action on the hairs is probably correct. The disintegration which occurs in

the nails when they are attacked is in favour of it, as are also the observa-

tions of Professor Marshall Ward on a horn-destroying fungus, Onygena

equina.

As to the saprophytic existence of the ringworm fungi, it is perfectly

reasonable to suppose that such is likely, and that the parasitic development

is accidental as Sabouraud and Bodin have suggested, but the idea cannot

be considered as having been originated by them, as it has occurred to other

observers independently. What is known of actinomycosis also points in

the same direction. The polymorphism of fungi and their extraordinary

susceptibility to their nutrient environment are known.

Some authors (Sabouraud, Bodin, and others) have split up the various

fungi parasitic on man into a great number of kinds. For all practical

purposes it is not necessary to follow in their footsteps, but as far as ring-

worm of the scalp, body, beard, and nails, as commonly met with in Britain,

is concerned, the following only need be considered: Microsporum Audouini
(or so-called small-spored fungus), Trichophyton megalosporon endothrix

and Trichophyton megalosporon ectothrix (both commonly referred to as the

large-spored fungi). In addition to these, other fungi must also be alluded

to, such as : Microsporon furfur (Tinea versicolor), Microsporon minutis-

simum (Tinea erythrasma), exotic or so-called tropical fungi (unclassified)

(of Dhobie itch—Tinea imbricata—Carate), the fungus of Tinea nodosa. 1

To avoid needless repetitions the methods of examination will be briefly

stated, but the microscopical appearances of the various fungi, together

with the cultural aspects of some of them, will be referred to under the

respective diseases.

Method op Examination.—Hairs.—It is of primary importance to examine
those hairs which are affected. This can only be carried out by searching for

them carefully with a lens. It is no use pulling out hairs indiscriminately. The
diseased hairs are bent, broken, twisted, sometimes displaying a powdery sheath
(as in Microsporon Audouini), or they may appear as dots or as very short stumps,
which sometimes require digging out with the epilating forceps (as in some large-

spored cases). Special care in selecting suitable hairs is also needed in ringworm
of the beai*d, and in the latter condition it may be necessary to examine several

stumps. When there are crusts good stumps for examination will be sometimes
found adhering to their under surface on removal.

Scales.—As to ringworm of the body, the margins of the rings should be gently

scraped with a scalpel, but it is necessary to go deeper than the merely superficial

layer. Lanugo hairs are in this way frequently removed with the scales, and they

may sometimes display the fungus.
Nails.—The suspected nail should be scraped with the sharp edge of a slide,

going pretty deeply.
In all cases when ointments have been used, after preliminary treatment (on

1 The fungus of Tinea favosa has been dealt with under "Favus," Encyclopcedia Medica,

vol. iii.
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the slide) with a little ether to get rid of fat, stumps and scales should be
examined in a drop or two of liq. potassse, B.P. (about 6 per cent.), but in the

case of nail scrapings a 40 per cent, solution should be employed. The latter

strength is used in all cases by some observers, and the slide gently heated over a

flame (Sabouraud). This method certainly clears up the preparation more rapidly.

Gentle pressure on the cover-slip and running in a little more liq. potassse under
it will also be found useful.

"

More than one examination should be made if the discovery of fungus is not

immediately successful. Droplets of fat should not be mistaken for " spores."
_
In

some cases (nails, beard), the preparations should be again examined after soaking

for some hours, when the fungus will, if present, come well into view.

Method of Staining.—For all practical purposes the examination in liq.

potassse is quite sufficient and is really the best way of studying the parasites.

But if permanent preparations are desired it is necessary to stain. There are

many methods (see literature at end of article), but the following, for which I am
indebted to Dr. Brongersma of Amsterdam, I have found answer well. Staining

ringworm hairs requires some practice.

Hairs.—1. Place selected stumps on a clean slide and get rid of fat with ether.

2. Dry with blotting paper and add a little gentian-violet-aniline solution

(prepared by shaking equal parts of aniline oil and water, and filtering aniline

water, to which a little saturated alcoholic solution of gentian-violet is added.

Mix.) : 5 minutes.
3. Carefully dry with blotting paper.
4. Add potassium iodide—iodine solution (as used in Gram's method--or make

it by dissolving a crystal or two of iodide of potassium and of iodine in a little

water) : 1 to 5 minutes.
5. Dry with blotting paper and add a drop or two of aniline oil, followed by

aniline oil acidulated with a drop or two of hydrochloric acid, and get rid of as

much of the stain as possible. The acid aniline is got rid of with plain aniline oil,

and the latter by means of xylol.

6. Wipe away excess of xylol and mount in Canada balsam. (The preparation

should be examined at stage 5 to see it is not too dark.)

Scales and Nail-scrapings.—Place on a slide and add a little 5 per cent solution

of acetic acid. Spread out the preparation by rubbing between two slides ; fix (as

much as is possible) over a flame in the usual way, and proceed as above.

Adamson's method is as follows, and can be applied after examining in liq.

potassse (as can also the method already described) :

—

1. 5 to 10 per cent solution of liquor potassse on a slide : 10 to 30 minutes.

2. Wash in 15 per cent alcohol in distilled water.
3. Dry on slide, and, in the case of scales, fix by passing through the flame.

4. Stain in gentian-aniline-violet (a few drops of saturated solution of gentian-

violet in aniline water) : 15 to 60 minutes.
5. 1 to 5 minutes in Gram's iodine solution.

6. Decolorise with aniline oil : 2 or 3 hours, or longer.

7. Remove aniline oil with blotting paper, and mount in Canada balsam.

Method of Cultivation.—The fungi will grow on a variety of media, including

potato, and so forth, at room-temperature.
I have used the following formula :

—

Water 1 litre, maltose 40 grammes, peptone 10 grammes, agar 15 grammes, run
into test-tubes (sloping) or Erlenmeyer flasks (flat bottles are also useful). 1

But there are others equally good. The point is always to use the same
uniform medium for purposes of comparison, as fungi are very susceptible to very
minute differences in their nutrient environment. A reference to the plates and
illustrations of the works mentioned under Literature (see end of this article)

(Sabouraud, and Colcott Fox and Blaxall) is recommended.

Tinea tonsurans {Tinea trichophytina, Ringworm of the scalp, Teigne
tondante, scheerende Flechte).—This condition may be due either to Micro-

sporon Audouini or Trichophyton niegalosporon endothrix (for Trichophyton

megalosporon ectothrix see " Kerion," infra).

Clinical Appearances.—Microsporon Audouini.—In a typical untreated

case the diseased area is circular, more or less scaly, sometimes very markedly

1 This can be obtained from Mr. Doudney, Conjoint Colleges Laboratory, Examination
Hall, Victoria Embankment, London, W.C.
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so, with numerous short, bent, broken, twisted hairs, growing usually in

various directions. Exceptionally some of the short stumps may go off to

a point, like an inverted note of exclamation, whilst others in the patch are

bent at an obtuse angle. The diseased hairs are usually whitish, opaque,

and exhibit a powdery sheath about their proximal end, and for some way
up the shaft, well above the level of the scalp. As a rule the patches are

multiple, well defined, and not inflamed, but sometimes merely reddened

only. Beyond the main patches smaller satellite areas are often present.

There are various deviations from the type, either as a result of long dura-

tion or specially acute spread, when the greater part of the scalp may be

diffusely involved and scaly, with more or less ill-nourished hair still present

here and there ; or, the aspect may be altered by previous treatment (ink,1

ointments, and so forth), and the characteristic powdery sheath absent.

The diseased hairs are lustreless, and may be curled like wool. Occasionally

a patch may be bald, and at first sight look like alopecia areata.

Diagnosis.—Microsporon tinea tonsurans is the most common form of

ringworm in this country. One hundred consecutive cases (exclusive of

kerion) microscopically examined by me in Dr. Eadcliffe-Crocker's clinic at

University College Hospital showed that ninety-six were microsporon and

four only trichophyton megalosporon. In France the proportion of the

latter is much larger, whilst in Germany and Italy microsporon is extremely

rare, or practically unknown, the prevalent parasites being trichophyton

megalosporon. In the east end of London, where there are many Jews

from Poland, Germany, Eussia, the large -spored fungus (and favus) are

more common.
Where there is loss of hair in patches in a child, ringworm must be first

considered. In the disseminated forms great care is required.

The main microscopical features of microsporon Audouini are the sheath

of spores surrounding the diseased hair to a varying extent, and the irregular

arrangement of the spores, the units being crowded together. The small

retractile spores, with a faintly greenish tint, are all outside the hair, but

inside it a delicate mycelium, running more or less parallel to the shaft, can

be made out after some soaking and pressing down the cover-slip to detach

the sheath.

Cultural Appearances.—On maltose agar the growth has a delicate, white,

and fluffy appearance, radiating from a centre. (See Plates, opera cit.)

Differential Diagnosis.—Eingworm must not be mistaken for mere

scurfiness of the scalp {pityriasis capitis), nor for a seborrheic condition,

as the consequences might be serious, owing to the contagiousness of the

disease and its rebelliousness to treatment. This mistake is not infrequently

made as a result of neglecting a very simple microscopical examination.

Seborrhoeic conditions are diffuse, and so are some ringworms, but in the

latter the diseased hairs, and so forth, would put one on the right road.

Eczema of the scalp may sometimes complicate and mask a ringworm.

In such a case the microscope will be found invaluable.

In psoriasis the examination of other parts of the body, especially the

elbows and knees, would prevent mistakes.

Alopecia areata is in smoothly bald circular areas, or in the form of a

band round the head, either without a vestige of hair, or in recovering cases

with a very fine lanugo growth. The characteristic point of exclamation

hairs (!) of alopecia areata should be looked for in active spreading patches,

especially at the borders.

Trichophyton megalosporon endothrix.—In this form the patches are not

1 Common writing ink was recommended by Celsus in the treatment of arece, lib. iv. cap. vi.
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always so well defined, and develop more slowly. As a rule they are

smaller, vary more in shape, and are but slightly scaly. The stumps are

few and far between, and require carefully looking for. They are brittle,

and, as a rule, break off short very near or at the level of the scalp, in the

latter case looking like black dots. But stumps one-fourth of an inch may
occasionally be found. There is no powdery sheath as in the microsporon

form. The patches are sometimes quite bare (bald ringworm) ; in others the
denudation is incomplete, with a certain amount of ill-nourished hair still

present. Again, patches may be somewhat reddened and slightly crusted

in neglected, dirty cases. Very small, bare satellite patches are sometimes
observed.

The chief microscopical character of this parasite is the arrangement
of the very short segments (not strictly spores) of the mycelial filaments in

chains, situated inside the hair (hence endothrix). This sharply differentiates

it from microsporon Audouini. In the former the " spores " are somewhat
larger (hence megalosporori), but the difference in size is not a point to lay

much stress upon in practice.

The " sporulated " mycelial filaments run more or less parallel to the

hair-shaft, and when plentiful they are closely applied to one another.

The ladder-like appearance or squareness of the " spores " (or short segments)

has been insisted on as opposed to the barrel-shaped form of corresponding

structures in the ectothrix trichophyton, but this is no doubt merely a matter
of position due to the situation of the endothrix within the hair. In
advanced disease of a stump the fungus may break through and come to

be situated partly outside the hair. The parasite in such cases is sometimes
called trich. meg. endo-ectothrix. But, according to Sabouraud, the endothrix

fungus is only met with in man, the endo-ectothrix being of animal origin.

Cultural Appearances.—On maltose agar the growth is circular, radiat-

ing, white, and raised in the centre at first, but with age becoming yellowish

in tint and subsiding in the centre, giving rise to a crateriform appearance.

Occasionally the growth has a violet hue, which Bodin says is of frequent

occurrence in Italy. He gives this fungus the name of trichophyton

violaceum of Sabouraud.

Differential Diagnosis.—In this kind of ringworm the bald patches

which are sometimes seen must be distinguished from alopecia areata.

The points in favour of the former would be the brittle short stumps or

dots, exhibiting the endothrix fungus, and the absence of point of exclama-
tion hairs (!)

Kerion.—In this condition the reaction caused by the fungus is very
marked. It is really a pustular folliculitis, usually due, in my experi-

ence, to trichophyton megalosporon ectothrix, giving rise to a well-defined

suppurating patch, sometimes very large, markedly raised, more or less

convex, occasionally dome-shaped, with fluctuation, but there is no surround-
ing induration. The stumps and hairs are loose in the follicles, and can be
readily removed. Pressure gives exit to thick, glairy sero-pus.

Trichophyton megalosporon ectothrix is the parasite of this form of

ringworm. Microscopically, the mycelial filaments are situated outside the

hair, and are " sporulated " in a chain-like manner, the individual short

segments being somewhat barrel-shaped. The fungus, by disintegrating

the shaft, may penetrate into the hair.

Trich. meg. endothrix and microsporon have been described as occurring

in kerion.

Cultural Characters.— On maltose agar the growth of trich. meg.

ectothrix is of an opaque dead white, with a small raised button-like centre,
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from which the fungus radiates outwards in a stellate manner, presenting

a sprinkled powdery appearance at the periphery.

Differential Diagnosis.—A kerion has a superficial appearance to a

carbuncle, but the absence of an indurated border and of the purplish hue
would prevent a mistake which has been made. The fact that the patient

is a child is of importance. Nor must it be taken for an abscess. Attention

to the details given above should make an error impossible.

JEtiology.—Eingworm of the scalp is a contagious disease due to

parasitic fungi, hyphoniycetes. In families and schools it may spread in a

most discouraging manner, either from child to child, or through contami-

nated head-gear, brushes, and so forth. Eingworm may also be contracted

from animals.

Age.—Tinea tonsurans usually affects children, but very exceptionally

it may occur in adults. It is important to bear the latter point in mind,

and in a doubtful case of the kind a microscopical examination should never

be neglected.

Treatment and Prognosis.—Eingworm of the scalp is a very difficult

disease to treat, and requires much care and patience on the part of both

medical attendant and the persons in charge. Every now and then wonder-

ful remedies are trumpeted forth in the journals, which cure ringworm in

a very short time. These announcements should always be received with

scepticism. At times authors of these brilliant cures display much ignorance

of the subject. In other instances cases put down as cured are really not

cured at all. There is no doubt, however, that some cases are very amenable

to treatment, especially if the parents carry out instructions carefully, or

perhaps owing to the condition of seed or soil. But this is not the rule

in practice, especially among the out-patients of a hospital, when treatment

is carried out in a very perfunctory manner.

The prognosis should therefore always be very guarded. It has been

said that the trichophyton endothrix are more readily cured than micro-

sporon cases, but this cannot be relied upon. I have seen cases of the

former kind prove extremely obstinate and last a very long time (two years

or more), although the children were well looked after. Moreover, the

admittedly chronic microsporon cases form the great majority of the ring-

worms of the scalp observed in this country. In this connection kerion

(trich. meg. ectothrix), which looks very formidable, is more readily cured,

the acute suppurating process being curative in itself.

Where it is possible the head should be shaved when the diseased areas are

numerous or the ringworm diffuse, leaving, if necessary, a fringe of hair all round
;

but complete shaving is preferable. It should be done every week, and instead of

using a shaving brush, which is liable to become infected, pads of wool should be
employed and burnt after use. An ethereal liquid, or at least a mild antiseptic

soap should be used. After shaving it is well to rapidly swab the scalp with some
wool and a diluted antiseptic solution (sanitas, 1 in 10, or carbolic acid, 1 in 40),

and dry, without rubbing, with another clean piece of wool. When shaving is not
possible the hair should be kept closely cropped all over the head. Hats and caps

must be lined with clean tissue paper every morning, and the paper lining burnt
at night.

The important point is to have the affected areas well under the eye to allow

of the remedies being applied to the right places, and not smeared over the hair

and scalp promiscuously, as is so often the case. Ointments should be applied

not only to the patches themselves, but all round them also, where the disease

spreads.
The applications are legion ; but I have found the following answer well in

Dr. Radcliffe-Crooker's clinic, and in private, viz. Cupri oleat. 5j., adipis oj., rubbed
into the diseased areas night and morning. This loosens the affected hairs by
leading to a mild folliculitis. The stumps should be systematically removed when



SKIN: PAKASITES 175

loose (otherwise they will break off in the follicle), with epilating forceps. When
the patches appear denuded and smooth, a good sign, one of the following oint-
ments may be used every day at first, then three or four times a week :—Hydrarg.
iodidi, pot. iodidi aa gr. ij.-iij., aquae 5j., Lanolini 3iij., adip. benz. 3iv. ; or,

Resorcini 5j. adip. benz. ad. 5j. ; or Sulph. subl. gr. xx. -5j., thymoli 5ss., adip.
benz. ad 5j. One of these, or some milder parasiticide ointment, should be con-
tinued to the patches once or twice a week for some time after the ringworm is

apparently cured, especially if there should be areas of scurfmess or scaliness
present.

With regard to washing the head it is important to do this carefully. Careless
shampooing is but too apt to spread the disease, and want of success can some-
times be distinctly traced to it. When the head is shaved there is no need for
such a procedure, but when it is done the affected areas should be covered while
the other parts are carefully dried.

When on careful examination with a lens a diseased stump or two are still

found, these should be treated individually by means of a drop of croton oil intro-
duced into the hair-follicle on the point of a needle on a holder. This gives rise to
a slight pustular folliculitis, when the loosened stump can be readily removed with
forceps. Croton oil should not be applied to stumps lying close together to avoid
coalescence of the pustular lesions.

Formalin was at one time strongly advocated, but it appears to have already
gone the way of other much vaunted cures. I have seen scars the size of a six-

pence and over as a result of its application. It is easy enough to cure ringworm
in this way, but parents do not bless you for producing indelible scars on the
heads of their children.

Chrysarobin is apt to lead to erythema, and when applied near the eyes, to smart
conjunctivitis. Besides, it stains linen badly. But it is sometimes useful, with
care as to above drawbacks, thus :—Chrysarobini gr. x., ung. zinci oleat. §j., also
combined with cupri oleat. 3j., or with ol. amygdal. 3iij., lanolin 5v., instead of the
ung. zinci oleat.

In infants the disease is more like tinea circinata {vide infra), and is more
readily cured by sulph. sublim. gr. xv., acidi carbolici trixx., adipis gj. (or ol.

amygd. 3iij., lanolini 3v. instead of the lard).

In older children Coster's paint (pigmentum iocli et olei picis, U.C.H. Phar-
macop. = iodine 120 grains, light oil of wood tar one ounce) sometimes answers well.

It should be applied with a stiff brush (a paste-brush, with the bristles cut short),

after well shaking the bottle. The scab produced is removed with forceps, bring-
ing away diseased hairs. The paint can be again applied after rubbing with
soap and flannel. Oil of cade or creasote instead of the wood tar is preferred by
some.

Diseased hairs can be got rid of by painting on several layers of collodion, and
removing it with forceps. This is followed up by an ointment.

Harrison's treatment (as explained in the section on Tinea unguium in
" Affections of the Nails," Encyclojjcedia Medica, vol. viii.) must be employed
with great care, and under the medical attendant's supervision.

All strong remedies must be used carefully to avoid scarring.

There are many other formula?, but the foregoing will be found all that is

required. The mode of application is the thing, that and perseverance.
Kerion is more or less self-curative, but nature can be effectually assisted by

art, for if allowed to go on indefinitely the condition may lead to baldness. I

can testify to the formula recommended by Dr. Radcliffe - Crocker, viz. Sulph.
sublim. 3ss.-3j., acidi carbolici nixx.-tn.xxx., adipis gj., and pulling out the loosened
stumps. Incisions should not be made however great the temptation.

Certificates.—The medical attendant is sometimes asked for a certificate that
the case is cured, so that the patient may go to school or enter some public
institution. This is a matter which incurs responsibility, and, in the event of an
error, gives rise to much mortification and unpleasantness all round. It is no easy
thing sometimes to say positively that a ringworm of the scalp is cured. Careful
search should be made with a lens for diseased stumps, and if any suspicious hairs
be discovered they should be examined microscopically. Slight scaliness in

patches is suspicious. In a cured case the new hair grows evenly and regularly,

and has a characteristic set. When there is any doubt the signing of the certi-

ficate should be deferred, and an ointment used occasionally as explained under
treatment. It is important to be able to say " no " firmly, for parents get restive,

and naturally so after a long and tedious course of treatment.
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Prophylaxis and Social Aspect.—This is a matter which must not be

neglected. Every care should be taken that healthy children do not run

any risk of contracting the disease. Caps, brushes, combs, and so forth,

may convey the germs of ringworm to virgin scalps. It is not necessary to

segregate the sick from the well, but an eye should be kept on both, and

every precaution taken which common sense suggests to prevent spread.

In Paris there are special schools for children suffering from ringworm.

The sum total of lost schooling is in this country very great. But our

educational system, regardless of expense, is so extravagant as it is, that it

is doubtful if the pockets of the middle classes can stand more picking for

special schools and teaching staffs. It would be money better spent, how-

ever, than throwing it away on useless inebriates and making it soft for the

careless and idle generally.

Tinea circinata (Trichophytie circine'e; Herpes circinatus).— Ring-

worm as it affects the skin apart from the scalp and beard must now be

dealt with. Tinea circinata occurs, as the name indicates, in rings, either

alone or as a complication of tinea tonsurans.

The lesions are usually reddened rings with a papular, or sometimes a

vesiculo-papular periphery, the papules and the erythema round them
formino- a border varying in width, the central parts being clear. There

may be several rings one within the other (concentric), sometimes three or

four, or more. Or an inner smaller ring may touch the outer larger ring

tano-entially. Instead of a distinct ring, commencing as a small spot or

patch, with a progressively extending border, clearing as it goes, there may
be insignificant, slightly reddened or almost pale, raised, scaly patches, of

little finger-nail size or less, and uniform on the surface. The latter have

been considered to be characteristic of microsporon Audouini, while the

ringed forms, with more inflammatory reaction, have been referred to

trichophyton megalosporon endothrix. I have seen the small uniform

patches about the neck in a case undoubtedly due to the latter fungus

in some cases, and on the other hand, well-marked, reddened rings in

microsporon.

The rings may be multiple, very numerous, and scattered over the body

and limbs.

Tinea circinata is not uncommon in adults, on the face, limbs, and

hands. Mothers may contract the disease from tinea tonsurans in their

children. On the back of fingers in an adult man I have found the fungus

(trich. meg. endothrix) in the hairs.

In the scalp of infants the lesion is usually a distinct ring spreading

superficially and sparing the young hair. Occasionally a similar thing is

seen on the scalp of older children.

About the beard and neck of men, reddened rings, with slight scaliness

and little reaction, sometimes occur, but tinea sycosis {trich. meg. ectothrix)

is more usual in them.

Lesions comparable to kerion of the scalp, but on a smaller scale and

with less reaction and swelling, are seen in adults, about the upper limbs

usually. The patch is raised, markedly inflamed, with numerous aggregated

follicular pustules, especially about the peripheral parts. This had been

Called CONGLOMERATIVE MULTIPLE, PUSTULAR FOLLICULITIS by Leloir, but it

is now known to be due to trich. meg. ectothrix. In a case I observed

there was a single patch on the forearm, and no secondary pus lesions

anywhere. Microscopically the fungus was an ectothrix, and this was

confirmed by cultivation on maltose agar, a pure culture being obtained

from the first. This shows decisively that trich. meg. ectothrix is a pus
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producer on its own account without the intervention of pus cocci, and
supports Sabouraud's opinion.

JEtiology.—Tinea circinata may be contracted from children suffering

from tinea tonsurans or from animals. The kerionic cases can often be

traced, especially in country districts, to calves, which frequently suffer

from ringworm.
Diagnosis.—In addition to the above clinical features, a microscopical

examination of the scrapings will generally be rewarded by the discovery

of fungus.

I have examined a number of tinea circinata lesions, and I have come
to the conclusion that the kind of fungus, whether microsporon or tricho-

phyton megalosporon, can be made out in the majority of cases by a

microscopical examination, the two varieties of trichophyton, endothrix and
ectothrix, requiring, however, further differentiation by cultivation. But
even in the case of the trichophytons the clinical features of the lesions,

together with the microscopical appearances, would help to arrive at a

pretty accurate conclusion.

The microsporon Audouini appears in the scrapings as coarse and
irregularly branching mycelium, varying but slightly in diameter, more so

in length, but as a rule running short. The branching occurs laterally at

right angles to the main filament, and these branches are usually terminated

in a spheroidal manner at their free end. The mycelium exhibits small

refractile dots, which are not " spores," but probably fatty particles ; and it

is generally unsegmented.
On the other hand, the megalosporon is found as long, jointed, usually

straight, dichotomously branching mycelium, which is here and there

sporulated, or more correctly, divided up into very short segments. As to

the dichotomous branching, I have seen the two daughter branches spring

respectively from divisions of a short mycelial segment (or " spore,") itself

longitudinally segmented. The segments vary in length, being shorter the

nearer they are to the chain -like or rosary stage. The width varies

also, the filaments being at times very slender and plain, or with long

segments.

As to the above distinctions which I have drawn between microsporon

and megalosporon, I have confirmed my observations by cultivations and
also by the examination of tinea circinata scrapings from patients, who
were also suffering from tinea tonsurans, of either undoubted microsporon

or trich. megalosporon origin.

Differential Diagnosis.—The diagnosis as a rule offers little difficulty,

but I have seen the primary patch of pityriasis rosea taken for and
treated as a ringworm. Moreover, pityriasis rosea in the generalised

eruptive stage sometimes occurs in rings scattered about the body, which
look something like a multiple tinea circinata. Indeed, Hebra and Kaposi
called it herpes tonsurans maculosus et squamosus, and attributed it to a

fungus, but which, as far as I know, they never demonstrated. In pityriasis

rosea the eruption about the trunk and upper segments of the limbs, con-

sisting of little finger-nail sized, rosy, very delicately scaly, oval patches

distributed in the lines of cleavage about the ribs, with their long axes parallel

to the latter, would differentiate that disease from multiple ringworm,
which occurs in irregularly scattered rings. There is no fungus in

pityriasis rosea, which in its development resembles an acute exanthem.
There should be little difficulty, with a little care, in distinguishing

tinea circinata from a well-defined patch of eczema, and the fact that a

fungus was present would clear the matter up at once.

VOL. xi 12
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Seborrhcea papulosa vel circinata affects the inter-scapular and inter-

mammary regions, and it is associated with seborrhcea capitis. The rings

are made up of small papules, but they are very small and delicate, and do
not spread peripherally after the fairy-ring manner of tinea circinata.

On the palms and soles tinea circinata may occur, but it is extremely

rare, as dry scaly lesions, which have been mistaken for tertiary palmar
and plantar syphilides or a dry eczema. The assistance of the microscope

has in such cases cleared up the diagnosis.

In the case of multiple small rings, altered by treatment, and especially

about the face, the idea of syphilis has also occurred, but the absence of

corroborative luetic symptoms and careful examination would prevent such

a mistake.

Tinea babble.—(Tinea Sycosis ; Barber 's Itch ; Trichophytie sycosique ;

parasitdre Bartfinnc?)—In addition to tinea circinata about the beard above
described, ringworm of this region more frequently presents itself as an
irregularly lumpy, swollen, boggy lesion, with distinct pustules scattered

about the primary focus, but discrete pustular and small nodular lesions may
also occur in other parts of the beard. This condition corresponds to kerion

of the scalp. The brawny inflammation may at times be very marked. The
hairs can be readily removed when suppuration has occurred.

Diagnosis.—This will usually be assisted by an examination of some of

the hairs, when the fungus may be found. In some cases the trich. meg.

ectothrix is readily discovered, after a little soaking in liq. potassae, at the

first shot as it were, but in others several hairs require to be examined,
and repeatedly, before success is attained.

Differential Diagnosis.—It differs from coccogenic sycosis (the non-para-

sitic sycosis, as it used to be erroneously called, but now known to be due
to pus cocci) in its rapid spread, multiple foci, and chiefly the boggy,

nodular swellings.

In eczema of the beard the process is acute, more superficial, and accom-
panied by serous exudation ; at times vesicles can be observed ; it is a more
uniform patch in appearance, and the skin between the hairs is invaded,

differing in this respect from the pustular folliculitis of tinea.

JEtiology.—The disease frequently starts after being shaved at the

barber's. The fons et origio mali is the brush, and not the razor. The
disease may also be contracted from animals (cattle chiefly).

Treatment.—It is exactly the same as for Kebion, which see.

Tinea unguium has already been dealt with by me under " Affections
OF the Nails," Bncyclopwdia Medica, vol. viii. Suffice it to say in this

place that any long-standing deformity of one or more nails, with rough-
ness, irregularity of the surface, brittleness, and so forth, together with an
asymmetrical distribution, should make one suspicious of ringworm. A
further point in the diagnosis would be the rebelliousness of treatment.

A previous diagnosis by another, that the condition was " constitutional,"

should, of course, not be accepted without further investigation.

I have seen the disease occur in two sisters, aged about forty, in whom
it had existed for twenty years and more. In both it commenced in the

same finger-nail. The cause had never been discovered until I took the

trouble to examine some nail-scrapings, and found the fungus, a thing any
one might have done. I was able to cultivate the trichophyton megalo-

sporon endothrix from one of these cases. But trich. meg. ectothrix has

been more frequently found.

The nails are sometimes affected in old tinea tropica cases.

Treatment and so forth (vide "Encyclopmdia Medica" loc. cit. supra).
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Tinea cruris seu axillaris {Tinea tropica; Eczema marginatum).

See p. 167.

Tinea Versicolor.— {Pityriasis versicolor; Chloasma (old style);

Kleienflechte.)—This disease, which is due to a fungus, microsporon furfur

,

occurs in patches of various shades of fawn and sepia brown, usually

situated on the trunk. The patches may be small, discrete, and few in

number, but it is more usual for them to occupy large, irregularly but well-

outlined areas about the chest and back, owing to the fact that the disease,

giving very little, if any, trouble, is allowed to spread unchecked. In

some cases a great part of the trunk may be occupied by a sheet of dis-

coloration, with numerous satellite spots beyond, thrown out like outposts.

In this way it may spread to the limbs and neck, but it is very rarely

seen on the face in this country. The latter situation is, however, more

common among the natives of India, according to Arthur Powell, who
kindly sent me scrapings, in which I was able to demonstrate the typical

fungus exactly as it is seen in this country. Cultivation on maltose agar

gave a fluffy white growth, very aerial, without any special arrangement,

but some doubt having been expressed by so good an observer as

Colcott Fox, I cannot be dogmatic on the point of genuineness of the

growth.

In some instances the colour has been so dark as to deserve the name
of pityriasis nigra (from Willan and others), but Hebra considered that

condition was the pigmentation of chronic pediculosis corporis (see article

on " Pediculosis," Encyclopaedia Medica, vol. ix.). Leitz, when at Honolulu,

pointed out that the coloured races presented a white or grey discoloration

of the skin.

It usually occurs in adults, but it has been seen in a boy of about eight

(Sidney Phillips). It has frequently been observed in the phthisical, but

this is probably due to the sweating. I have seen it recur again and again

in a case of rheumatoid arthritis, no doubt for the same reason. People who
have a rather greasy skin, and wear thick vests night and day (a not

uncommon, but unhealthy and uncleanly habit) have appeared to be more

prone to it.

The disease is contagious, but not in a marked degree, as man and wife

may not contract it one from the other after years of cohabitation.

Diagnosis.—Fawn or sepia brown patches on the trunk should suggest

the idea of tinea versicolor. The discoloration is not a true pigmentation,

but when the parts are scraped with a scalpel or with the nail, the dis-

coloration disappears. The examination of these scrapings in a little liq.

potass* will reveal the presence of the parasite, viz. shortish mycelial

elements, with clumps of rounded spores, usually with a central dot, here

and there in the preparation. These clumps are characteristic.

Differential Diagnosis.—Owing to the discoloration, and especially

when there are numerous discrete small patches, cases have been erroneously

taken for syphilis and treated as such. This is due to leaning on one

symptom exclusively, apparent pigmentation, without looking for corro-

borative evidence of lues. This mistake should never be made.
True chloasma is in the skin, and should not offer any difficulty.

Leuco-melanoderma is also a true pigmentation (melanoderma), followed

by depigmentation (leucoderma), the white contrasting parts encroaching

on the dark skin. This condition is symmetrical, affects the hands, wrists,

and neck chiefly, but also other parts (face, and so forth). The mode of

development should also be taken into account.

Pityriasis rosea in its declining stage sometimes leaves very faint
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fawny discoloration behind. For other features, vide supra, Tinea circinata :

Differential diagnosis.

As to seborrhea papulosa, a little attention will readily distinguish it

(vide Tinea circinata, loc. cit., supra).

Tinea versicolor must also be differentiated from tinea erythrasma

(vide infra).

Prognosis and Treatment.—The disease can be got rid of with attention

and perseverance. I have found the method recommended by Eadcliffe

Crocker answer every purpose. The patches are first thoroughly washed
with hot soap-and-water, and the epidermis well brushed with an old nail

brush (used for this purpose only, of course, and disinfected), and the

following lotion well soaked and rubbed in twice a day : Sodse hyposulphitis,

5j., aq. ad gviij. It is important to go on with the treatment for some
time after the apparent cure, to get rid of the fungus completely. Failure

to do this invites recurrences. The under-fiannels, pyjamas, night-shirts,

etc., should be well boiled, or, if old and valueless, burnt.

Tinea Erythrasma (Erythrasma).—This disease, which is due to a fungus,
microsporon minutissimum, is an uncommon condition in my experience, and is

more frequently met with in men than in women, but as it is an insignificant

affection and gives no trouble, cases no doubt escape observation. It occurs about
the folds and clefts of the body, such as the armpits, groins, genitalia, and
buttocks.

It occurs in slightly scaly and reddened well-defined patches of irregular out-
line and of limited extent, but sometimes by spreading unchecked it may involve
a large area. There may be slight itching.

Diagnosis.—A patch with the above features having lasted for years should
suggest erythrasma. Scrapings should be examined for the fungus, microsporon
minutissimum, which consists of very slender mycelial filaments, more nearly
approaching bacterial elements in width. The mycelium is segmented, the seg-

ments varying in length. In looking for this minute fungus a tV oil-immersion
lens should be used.

Differential Diagnosis.— Tinea erythrasma must be distinguished from T.

versicolor and T. cruris, but attention to the characteristics of these two conditions
and their respective fungi would suffice to exclude them.

Treatment.—It is the same as for tinea versicolor, care being taken to avoid re-

crudescence by continuing the treatment for some time after apparent cure.

Tinea nodosa.—This is a disease of the hairs of the beard and moustache. It

was named by Cheadle and Malcolm Morris, who demonstrated the fungus.
Clinically, the hairs are ensheathed with a sticky brown concretion, making

them adhere to one another.
Microscopical and Cultural Appearances.—I have examined some moustache

hairs kindly handed to me by Dr. Radcliffe Crocker. I found, when first examined
by reflected artificial light, and after soaking in liq. potassse B.P., that the sticky
substance was made up of masses of fungus ; but what was particularly striking
was the arrangement of the " spores " in rows, more or less at right angles to the
shaft of the hair, looking like closely aggregated segmented mycelia, bound
together by a cement substance secreted by the fungus. The rows of mycelia
were distally {i.e. at free ends) bounded by a thin dark line with an outer narrow
pale zone, evidently made up of the same sticky substance, while at their proximal
ends (i.e. attached to shaft) they became detached more or less en masse when the
cover-slip was pressed down firmly. The fungus did not apparently invade the
hair. On French proof agar (maltose agar), a cultivation was obtained which
consisted of two portions, central and peripheral. The former was more or less

oval, slightly raised and convex, yellowish-white, glistening and apparently made
up of fungus and a viscous substance. The peripheral part was made up of a
delicate white radiating growth.

Diagnosis.—Attention to the above details would distinguish it. It is not
common.

Treatment.—The affected regions should be shaved and kept so for some time.

Where this was not possible the affected hairs should be clipped, and the parts

sponged or brushed over with the following lotion : Resorcini 5ss., acidi acetici

5vj., sp. vini rect. (vel aq. coloniensis) §j., aq. (vel aq. ros.) ad §iv.
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Piedra.—Spanish for stone (trichomycose nodulaire (see p. 169) of Juhel-Renoy).
Carate is a disease of equinoctial South America, and includes a number of

ringworms, varying in colour from race to race. This may be violet, blue, red,
and so forth. Some are special to whites, others to the natives, others again to
half-castes.

They occur in patches, especially on the uncovered parts of the body. The
patches are scaly, with irregular but well-defined margin. In time they become
achromic and cicatricial. They are very chronic and rebellious to treatment.

Montoya y Florez has investigated the fungi in Sabouraud's laboratory. In
the scales aspergillus-like fructification has been found, with a retiform arrange-
ment of the mycelia. An interesting fact is, that in some of the scrapings an
acarus rather larger than our acarus scabiei was discovered. Sabouraud suggests
the possibility of the spores of the fungus being conveyed by the animal parasite,
as the latter is very common, especially in old men of the lower classes in Colombia.

Treatment.—It would be the same as for tinea imbricata.
Bulpiss has been described by Lerch as occurring in Nicaragua. It is said to

be contagious and identical with carate (Jackson).
Animal Ringworms.—It can merely be said here that various ringworm fungi

have been found in dogs, horses, cattle, cats, and birds.
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The great variety of tints displayed by the cutaneous surface of the body can be
arranged in three classes. In fair complexioned persons the pigmentation of the
blood may be said to control the complexion, and every pigmentary change in the
red corpuscles adds some colour effect to the skin. In persons of swarthy com-
plexion, and still more so in the coloured races of mankind, the innate pigment of
the skin masks the colour of the blood. In other cases the skin is pigmented by
foreign pigment deposited in the horny layer of the epidermis. These three
kinds of pigmentation may be named respectively the hseruic, the parenchymatous,
and the spurious. Of these the parenchymatous alone constitutes true physiological
pigmentation of the skin.

The cutaneous tissue elements which convey colour effects to the eye are
keratin, liprochromes, and melanin. Keratin in itself is colourless or slightly
yellowish ; but in ichthyosis it acquires a blackish colour which is highly
characteristic of the disease. The liprochromes are the pigments associated with
the cutaneous fat. Very little is known as to their nature. In the disease known
as seborrhoea nigricans the pigment may be black ; more rarely it is yellow or
blue (S. flavescens, S. cgerulea).

Melanin is an amorphous granular pigment varying in tint from golden brown
to black. Owing to its extreme insolubility no exact chemical analysis of it has
been obtained. It probably consists of more than 50 per cent of carbon with an
uncertain quantity of hydrogen, oxygen, and sulphur, loosely combined. It is free
from iron—a fact which serves to distinguish it from haemoglobin. Melanin may,
therefore, be regarded as a carbon pigment. In moderate pigmentation the basal,
or germinal layer of the epidermis alone is coloured, the superficial epithelium
and the underlying cutis being colourless. In deep pigmentation the whole of the
epidermis is coloured, while some pigment granules may be seen in the superficial
lymphatics of the cutis, in the connective tissue corpuscles, and even, as in some
cases of Addison's disease, in the lymphatic glands.

Two views are maintained as to the mode of origin of the pigment. Ehrmann (1),
from his investigations of amphibians and reptiles, concludes that the epithelial
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colouring matter is elaborated in special connective tissue corpuscles (chromato-

blasts or melanoblasts), from material derived from the red blood corpuscles, and
he believes that it is conveyed by direct protoplasmic currents, flowing through
the branches of the melanoblasts into the interior of the basal epithelial cells.

Ehrmann's observation of branched pigment cells in the cutis of fishes, amphibians,

and other animals, has been confirmed by List. Riehl (2) has observed branched
pigment cells in the human hair. In the scalp of a human embryo (five months)
Meyerson (3) found the basal epithelial cells in the region of developing hairs devoid

of pigment, but other pigmented cells, some of them branched, were observed lying

in the epithelium. The same observer has seen branched pigment cells in the hair

bulbs of adults. While it must be admitted that Ehrmann's view rests on broad
physiological analogies which render this mode of origin at least possible, there

are many facts relating to the pigmentation of the human skin which cannot be
explained on this assumption. Jarish (4) long maintained that the origin of melanin
is located in the epithelium, and cited the facts that in the embryo of the frog

the formation of pigment takes place before the development of red blood

corpuscles, and that the papillae of coloured hair are usually free from pigment
themselves. The researches of Prof. Delepine (5) entirely confirm Jarish's view.

According to this authority melanin is a secretory product of the young epithelial

cells, and when formed in excessive quantities passes partly into the lymph spaces

of the cutis and partly into the superficial epithelial cells. In cases of obstruction

of the lymphatics of the skin " the melanin may accumulate in the lymphatic
spaces existing between the point of obstruction and the epidermis." Delepine
cites cases of marked pigmentation in which blocking of the lymphatics occurs,

such as leprous tubercles with obstruction of lymphatics by bacilli, tuberculosis

of the skin, syphilitic gummata, margin of ulcers, irritation of epidermis, cica-

tricial contraction of corium, the nipple constricted at its base by cicatricial

contraction due to irritation of the galactophorous ducts, leading to accumulation
of pigment in the core of the papilke. In all these cases the pigment was chemi-

cally tested and found to be of the nature of melanin. These and many other

facts which cannot be here cited render it highly probable that melanin is a

pigment precipitated from the protoplasm of the epithelial cells. According to

Delepine the pigment is the final term of a metabolic process in which at least

one antecedent substance is formed. To this hypothetical substance I shall refer

again on account of the importance attached to it by Delepine.

The Correlations of Epithelial Pigmentation

A description of the anomalies of pigmentation should, by right, be preceded

by an account of the general laws relating to the formation of melanin, without
which the anomalies themselves are unintelligible. Unfortunately our very

limited knowledge does not allow more than a mere outline sketch in which many
gaps must of necessity occur.

1. The colour of the skin and hair, so far as this depends on their own pigment,

is controlled by heredity ; whether much pigment is found or little, or whether it

falls to this or that area of the skin, is predetermined by the mutual influence of

the sperm and germ in utero.

2. Epithelial pigmentation is correlated with the emotional character of the

race, family, or individual. It is a popular and universal belief that the com-
plexion is a sign of the temperament or emotional character of the individual, and
this belief rests on a sure scientific basis.

3. A fair epithelium when stimulated becomes coloured by the increased

formation of melanin. This is a remarkable fact, but one which need not surprise

us when we remember that the fair races are descended from dark skinned pre-

historic races. It will help us to understand many pigmentary anomalies if we
regard the coloured skin as the real normal type, and the fair or colourless skins

as a condition most removed from a state of nature. In the light of this hypo-

thesis pigmentation following stimulation of the epithelium is merely a reversion

to the ancestral or normal type. It is to be noted that the pigmentation has no

relation to the nature of the stimulus, for fleas suffice in some, mental shock in

others. Further, the precipitation of melanin does not alter the growth relation-

ships of the cells, thus a freckle grows neither more nor less than the surrounding-

pale parts. But if the stimulation be long continued it may lead to erratic

developments of the germinal epithelium, as when epithelioma grows out of a

pigmented spot. Delepine has pointed out that all the stimuli capable of acting

on gland cells with the addition of light are capable of inducing the formation of
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melanin. It is matter of common observation that pigmentation of the skin
follows the stimulus of light (actinic rays), dark heat, chemical irritation such as
mustard plaster, mechanical irritation as in scratching, the pressure of garters,
clothes round the waist, nervous stimulation as in nerve leprosy. As an example
of toxemic stimulation arsenical poisoning is among the most striking. Other
examples of toxsemic pigmentation will be referred to again.

4. Is epithelial pigmentation correlated with the oxidation processes of the
body 1 Although, as stated above, the precipitation of melanin neither increases
nor diminishes growth, we cannot avoid the inference that this precipitation
implies some change of cellular character. By analogy with the colouring matter
of plants we might presume some physiological function to be attached to the
formation of melanin. And according to Delepine this is actually the case. He
has collected evidence which, so far as it goes, is favourable to the hypothesis that
in the process of pigment formation some pale substance is formed under the
influence of light, which is antecedent not only to melanin, but to haemoglobin.
This pale or colourless pre-melanin (or melanogen) is secreted by the germinal
epithelial cells, passes into the lymph stream, and combining with iron in the
liver, and possibly some other elements, forms the haemoglobin of the red corpuscles.
The final term of the process, namely, melanin, he does not regard as essential to
the formation of pre-melanin, so that pale skins may still continue to secrete a
part of the elements of haemoglobin. Dr. Muir (6), working under the direction of
Delepine, was able to show that the percentage of haemoglobin is raised in cases of
arsenical poisoning accompanied by deep pigmentation, a fact which, while it does
not prove Delepine's theory, is certainly not opposed to it. Considering that the
process of pigment formation, and therefore of pre-melanin, is so extremely
irregular, it is difficult to conceive that the cutaneous epithelium is the primary
source of the mother-pigment. Facts, however, may be cited which favour the
idea that the epithelium is a complimentary organ to the pigment-secreting
suprarenal bodies. Thus in Addison's disease, in which these bodies are generally
the seat of tubercular disease, and may therefore be supposed to be incapacitated,
we have the well-known deep pigmentation of the skin. Again, all the chronic
diseases which are accompanied by asthenia, lowering of blood pressure, and changes
in oxidation such as tuberculosis, syphilis, malaria, cancerous cachexia, arsenical
intoxication, senile debility, are accompanied by more or less increased formation
of cutaneous melanin. It is not impossible that in these diseases the skin is

attempting to supplement the functions of the suprarenal bodies. Possibly even
the pigmentation of pregnancy may be explained by the same hypothesis.

Classification op Pigmentary Anomalies

A. Melanin in Quantities sufficient to Colour the Skin locally or generally.

True or Melanotic Pigmentation

.i ~7

i

i n r
i

Racial and Actinic and Emotional. Toxsemic. Neoplastic. Post-

sexual, irritative. inflammatory.

1. Under the head of sexual pigmentation I include freckles, lentigo or ephe-
lides, also the formation of pubic hair pigment. It is usual to divide freckles into
sun freckles and cold freckles, under the assumption that the former are due to the
action of the sun. From the fact that they rarely appear before the eighth year,
and that they are the almost invariable congeners of red hair, although they may
occur in association with dark brown and black hair, that they do not disappear
in winter, and that they are limited to sharply circumscribed spots, we may
conclude that their formation is determined by some "freak" of development.

2. Actinic bronzing of the exposed Parts of the. Body.—From the brilliance of
colour displayed by animals and plants in the tropics, we may gain some notion
of the powerful influence exerted by the actinic rays on the pigment function.
Dr. Eobert Bowles (7) has drawn attention to the fact that snow-reflected light has
greater burning power than direct sunlight. This would appear to be due to the
reflection of ultra-violet light from the snow. Bronzing may follow exposure to
the electric arc light. Bowles showed that red or orange coloured objects had the-
power of absorbing the ultra-violet light and so preventing sunburn. Since then
more extended experiments have been carried out by Finsen and others, showing
the powerful stimulating action of ultra-violet rays on epithelium. The pigmenta-
tion provoked by mechanical and chemical stimulation has already been referred
to. "Vagabond disease," or phtheriasis, is an instance of general pigmentation
following prolonged scratching, and is generally associated with malnutrition.
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3. Emotional Pigmentation.—As might be expected, women are more subject to
this form of pigmentation than men.

(1) Pregnancy.—The commonest example of this is the darkening of the colour
of the nipples in women when they become pregnant. Marlio (8) records a case in
which the greater part of the body of a woman became pigmented during her first

pregnancy. The liver-coloured patches known as chloasma. axe frequently met
with on the temples and elsewhere in women who have been pregnant.

(2) Hysteria.—The general tendency to pigmentation, especially marked under
the eye, is pronounced in hysterical women.

(3) Chlorosis.—Pigmentary anomalies of the blood are largely responsible for

the colour of the skin in these cases, but chloasma is commonly observed in these
patients.

(4) Fright or Terror.—M. Rostan, quoted by Laycock (9), records the case of a
woman who was condemned to death by a Parisian mob during the first French
Revolution. She escaped death, but a few days after her skin became as black as
that of a moderately black negro.

(5) Exophthalmic Goitre, Chorea, and Epilepsy.—In these diseases, which are
associated with changes in the emotional character of the individual, pigmentary
anomalies have been observed. Fere (10) records more or less universal pigmenta-
tion coinciding with the attacks of apathy and mental confusion. The pigment
disappeared in about one month after the man had recovered from the attack.

4. Toxcemic Pigmentation.—Under this head I include the pigmentation which
accompanies syphilis, tuberculosis, leprosy, diabetes, alcoholism, arsenical poison-
ing, Addison's disease, cancerous cachexia, and especially cancer of the abdominal
organs. The histological character of the pigmented skin has been described by
Brooke and Leslie Roberts (13).

5. Neoplastic, or Pigmentation ivith Erratic Developments of the Germinal Layer.
—(1) Ncevi.—Under this head I include all those embryonic anomalies which take
the forin of sharply circumscribed hard or soft wart-like tumours, and in which
excess of melanin is a striking feature. It has been shown that the melanin is

not confined to the epidermis, but may be found extensively in the cutis even to
the deepest parts.

(2) Xerodermia Pigmentosum (Syn. Kaposi's disease, Atrophoderma pigmentosum
(Crocker)).—This disease, which usually, but not always, begins in the earliest

period of childhood, affects only the parts exposed to sunlight, namely, the face,

neck, breast, forearms, and the backs of the hands. These parts become the seat

of numerous freckle -like pigment spots. Even in a very early stage spots of
capillary congestion with slight scaling can be seen. As the disease slowly
advances signs of degeneration starting in the epithelium and papillary body
become more and more appai^ent. The skin becomes thinned and shrivelled, the
lower eyelid may be drawn clown, the orifices of the ears and mouth contracted.
Red specks, consisting of dilated capillaries, are scattered all over the affected

area, intermixed with dark freckles and pearly white spots. About the sixth or
seventh year warty formations begin to appear in the pigmented epithelium, and
slowly these are converted into fungating carcinomatous tumours. The prognosis
is absolutely unfavourable. The extraordinary sensitiveness to actinic rays is not
necessarily congenital, although usually so. I have seen the disease in a woman
aged sixty-four in Kaposi's clinic in whom the affection began about sixty years
of age.

(3) Acanthosis nigricans.—Cases of this disease have been described by Unna,
Janovsky, Pollitzer(14), C. Boeck(15) and Collan, and others. The pigmentation
affects several parts of the cutaneous surface, but more especially parts which are
naturally inclined to pigmentation, e.g. the axillae, neck, groins, genito-anal region,

and abdomen. The deposit of melanin in the epithelium is followed by an enormous
overgrowth of the prickle layer, imparting to the pigmented areas a papillary,

wart-like aspect. In Boeck's case the disease occurred in a woman, aged fifty-two,

who had been operated on for non- relapsing cancer of the breast three years
before. Death followed two years after the onset of the symptoms. Cases
resembling in some respects A. nigricans have been described by Radcliffe Crocker
and Leslie Roberts.

(4) Melanotic Multiple Sarcomata..—This neoplastic disease, originally supposed
to be sarcomatous in nature, is called by Unna naevo-carcinoma, who maintains
that the new growth arises in pigmented moles from the epithelium, and not from
the mesoblastic tissues. This view is confirmed by the investigations of Gil-

christ (16) of Baltimore and Johnstone of New York.

(5) Post-inflammatory Pigmentation.—True hypertrophy of pigment may follow
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inflammatory diseases affecting the epithelium. The most striking of these is

lichen planus, in which the pigmentation may be intense. It is to be noted that
the pigment formation corresponds with the period of recovery and restoration of
the epithelium. Pigmentation may follow erythema multiforme and urticaria.
When pigmentation follows the cure of psoriasis it is probably due to the action
of arsenic. The discolorations which follow eczema are usually of haemic origin.

B. Disappearance of the Melanin ivith Arrest ofPigment Function.—(1) Congenital.
—Albinism may be partial or complete. This abnormality is most frequently met
with in the coloured races. The arrangement of the achromic patches is usually
irregular. It may be unilateral, as in Hutchinson's case (Archives of Surgery,
vol. i. 1889). Occasionally they are symmetrical. It is stated that complete
albinoes are defective in powers of resistance. Darwin states that albino cats
with pink eyes are usually deaf.

(2) Leucodermia (Syn. Vitiligo, Melasmic leucopathia, White disease).—When
pigment matter has ceased to be precipitated, what already exists may be com-
pletely withdrawn. The laws relating to the disappearance of melanin are
unknown. The final term of the process, whatever that may be, is atrophy,
just as new and erratic growth is the final term of the melanin-forming process.
Usually the process does not extend so far, and we have simple disappearance of
pigment without any obvious structural change, and when once this pigmentless
character is attained it seldom if ever reverts to the normal-coloured condition.
The withdrawal of pigment from a circumscribed area is accompanied by increased
formation in the immediate neighbourhood. Hence the fitness of the name
employed by Laycock, namely, " melasmic leucopathia." The clinical result is a
white patch surrounded by a pigmented margin. Numerous patches form on any
part of the body. They spread slowly, and may remain stationary for years.
Eventually the whole surface may be involved, and such cases are sometimes
described as " cures." If the leucodermic patch is hairy, the pigment is withdrawn
from the hairs, which thus become colourless. Leucodermia may occur in
apparently healthy and normal skins. It is commoner in the tropics and among
the coloured races. Laycock describes its concurrence with enlargement of the
lymphatic glands, and in one case with general leucocytosis. The withdrawal of
pigment always accompanies alopecia areata.

Pigmentary Anomalies op Hair

Laycock rightly regarded hair as an excretory organ for carbon pigment. In
light-coloured hair the colouring matter is confined to the medullary cells, but in
the dark brown and black varieties the pigment granules are to be found through-
out the whole of the cortical substance, lying between the fibrous plates. The
pigment is melanin, and, so far as we know, identical with that of the epithelium.
Greyness or whiteness of the hair is natural in old age, but it may occur quite
early in life as an hereditary peculiarity, or as a result of disease or long-continued
bodily exhaustion. Many cases are recorded of the hair becoming suddenly grey,
or even white, under the influence of terror or grief. The curious anomaly of
grey hair becoming once more pigmented has been observed on rare occasions.
Dr. Meachen(l7) records a case of a child in which the withdrawal of pigment
occurred in rings at regular intervals, thus imparting a ringed appearance to the
hair. The names ringed hair and leucotrichia annularis have been given to this
condition. Changes in the colour of the hair have been observed to take place
under the influence of pilocarpine. Borax may affect the colouring matter of hair
in so far as it affects the growth of the hair papillae. Cases recorded of changes of
hair colour in workmen in copper smelting works and cobalt mines are probably
examples of spurious pigmentation.

Treatment of Abnormalities of Pigmentation.—As the pigment is situated in the
deeper layers of the epidermis and rarely disappears spontaneously, the only
remedy lies in complete destruction of the pigmented epidermis. In extensive
distribution of pigment it would be inadvisable to attempt this, when limited to
a few freckles the method suggested by F. Hebra may be tried. Care must be
exercised in the choice of a caustic, for, as Hebra says in his treatise, there are
some caustics after the action of which the epidermis subsequently formed contains
more pigment than that preceding it, and others, on the contrary, after the applica-
tion of which the newly-produced epidermis contains less pigment than that which
was destroyed. To the first belong spurge-olive, croton oil, cantharides, mustard-
seed, and sulphuric acid ; to the latter, acetic, hydrochloric, and nitric acids, borax,
the caustic alkalies and their carbonates, and above all corrosive sublimate. The
aqueous solution of the sublimate, 5 grains to the ounce, should be applied closely
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and evenly to the pigmented area and left in situ, being re-wetted from time to

time, for three or four hours. When the compress is removed, some soothing paste
or powder should be applied daily until the destroyed epidermis is removed and
replaced by newly-formed epithelium. It must be remembered that this treat-

ment is only suitable for very limited patches ; in cases of incurable chloasma it

is advisable to inform the patients of the incurableness of their condition. This
advice also applies to leucoderma, for which we have no remedy.

Spurious Pigmentations of the Skin

There are many cases in which parts of the skin are discoloured by pigments
other than melanin, and these may be conveniently grouped together under the
head of spurious pigmentations.

1. Parasitic diseases which produce discoloration of the surface

—

(1) Pityriasis versicolor is a mycotic disease characterised by the formation of

fawn-coloured or brownish scaly patches of irregular shape and size, chiefly met
with on the chest, abdomen, and back, and occasionally on the limbs, and very
rarely on the face and scalp. It gives rise to very little irritation, and is not
accompanied by inflammatory symptoms. The fungus which produces this disease

is Microsporon furfur, a mould of very low and imperfect type, which secretes a
brown pigment. It produces mycelium and spores, which form little masses
lying between the mycelial threads. Its mycelium vegetates in the horny layers,

which it breaks off into fragments or scales, thus producing the condition known
as pityriasis. The only disease likely to be confused with it is leucodermia, and
as this diagnosis might lead to trouble, it is important for the practitioner to be
familiar with the points of distinction. In leucodermia the cuticle is smooth and
coherent, while in pityriasis it is scaly or readily crumbles under the finger nail.

The pigment ends abruptly in the parasitic disease, while in leucodermia it

gradually fades into the surrounding skin. If any doubt exists the microscope
will settle it. Treatment consists in the vigorous use of soap and water, with the
application of a lotion of hyposulphite of soda or perchloride of mercury.

(2) Erythrasma is a mycotic, superficial, inflammatory disease met with in the

axilla, the inguinal, and genito-crural regions, and is characterised by the forma-
tion of rounded, scaly patches of a reddish brown tint. It is provoked by a

mycelial fungus allied to the trichophyta, and called by Barensprung Microsporon
minutissimum.

(3) Pinta, or " spotted sickness." See vol. ix. p. 374.

(4) Otomycosis aspergillina. See vol. iii. p. 110.

2. Chromidrosis and Seborrhoea nigricans.—Under certain conditions not yet

understood the sweat and sebaceous secretions may be coloured. The pigments
are unknown, but they are contained in the cutaneous secretion, and not in the

tissues. The tints vary from red to blue or violet, blue being the commonest
variety. The favourite locality is the face, especially the eyelids, but it may occur

on any part of the body. The pigment in the sebaceous secretion may be black,

yellow, or blue. Laycock(9) has collated several cases of seborrhoea nigricans. It

seems certain that these pigmentary anomalies are associated with emotional or

other neurotic disturbances. They may coincide with hyperesthesia of the skin

in the pigmented area. The pigmentary conditions of the sweat which result from
the growth of chromogenic bacteria, or those due to the presence of coloured salts

of iron or copper, are to be regarded as purely accidental pigmentations.
3. Mineral Pigmentation.—(1) Agyria is the name given to the slaty blue dis-

coloration of the skin produced by the prolonged administration of silver nitrate.

It was more commonly met with in the days when silver nitrate was administered
for epilepsy. It may follow the local application of the drug to the throat.

Padcliffe Crocker records a case in which the blue discoloration did not appear
till many years after the topical application had ceased. The colour is supposed
to be due to the reduction of the silver salt in the epithelium.

(2) Tattooing.—In this barbaric operation gunpowder and red lead and other

pigments are conveyed into the cutis by means of sharp-pointed instruments. We
need not further consider it.
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The generic term skin grafting is applied to a series of surgical procedures,

which, while they are all directed towards the same object, vary widely in

their range of applicability and in their technical details.

The object in all cases is to bring about the rapid and sound healing of a

raw or a granulating surface, in such a way as to produce a strong and pliable

cicatrix, which will subsequently undergo a minimum amount of contraction.

Natural Epidermisation of a Raw Surface.—The rapidity with which a raw
surface is covered with epithelium by natural means depends on various factors, one
of the most important of which is the depth to which the skin has been destroyed.
As regeneration of the skin takes place from its middle and deep layers, when the
destructive process has spared any portion of the rete Malpighi—as, for example,
in a burn of the third degree—the surviving cells form islets of epithelium scattered
over the surface of the sore, which by their increase in size materially help the
marginal epithelium to form a protecting covering. Any of the lining cells of

sebaceous glands, sweat glands, or hair follicles which have not been destroyed act
in a similar manner. There is little doubt also that free epidermic cells from the
surrounding skin, accidentally transferred to the raw surface—for example in the
serum of blisters, or in other ways—are also capable of starting healing centres on
the surface of the sore.

Another important factor in determining the rapidity of healing is the capacity
of the surrounding tissues to contract. Where the skin is firmly bound down to
an underlying fascia or bone, or where the tissues are cedematous or indurated,
healing is materially impeded by interference with contraction which is so necessary
to repair by the pi^ocess of granulation.

That a debilitated condition of the patient, or the presence of sepsis in the
wound, retards healing goes without saying.

Sources of Grafts.—Skin grafts may be taken from the patient himself (auto-
plastic grafts) ; or from another person {heteroplastic). ; or they may be derived from
one of the lower species {zoo-plastic). There is little doubt that the most satis-

factory source is the patient himself. There is evidence that disease has been
transmitted from one person to another through the medium of skin grafts ; and a
reasonable, although partly sentimental, objection may be raised to the use of
grafts taken from the cadaver or from a recently amputated limb.

Grafts taken from the lower species have been extensively employed, a great
variety of epithelial structures having been experimented with. Thus the lining
membrane of the hen's egg, the skin of the frog, the inner surface of a pullet's wing,
the skin of pups, kittens, pigs, rabbits, and guinea-pigs have all been used, but
with few exceptions the results have been less satisfactory than those obtained by
grafts taken from the human subject. It is generally recognised by those who
have had experience of this method that the skin of young animals yields the best
results, probably because of its great potential power of growth.

Terminology.—Inasmuch as the material used in the different skin-
grafting processes, as well as the method of using it, varies considerably, it

seems desirable to employ terms which are descriptive of the various pro-
cedures practised. Some surgeons have suggested the term shin trans-
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portation as applicable to such measures as involve the transference of the

whole thickness of the skin from one part to another, reserving the term
skin grafting for cases where something less than the whole thickness of the

skin is used. Such a distinction cannot be maintained, because in the latter

case it is merely epithelium which is employed, and hi both the grafting

process is effected by transportation.

A more accurate and practically useful nomenclature would be

:

(a) Epithelium sowing (methods of See, Lister)
;

(&)' Epithelium grafting

(methods of Eeverdin, Thiersch, Oilier, Lusk)
;
(c) Skin grafting (methods of

Krause, Wolff; and the method of grafting from the lower animals).

Cases Suitable.—Skin grafting is applicable to the treatment of all

varieties of external ulcers, especially such as result from burns or scalds.

After crushes, machinery accidents, or septic processes, involving wide de-

struction of the skin also, healing is greatly expedited by the use of skin

grafts. The raw surfaces left after excising patches of lupus, epithelioma,

or other forms of tumour implicating the skin, may be at once covered

by skin grafts. Similar measures are frequently employed in rectifying

deformities, whether due to congenital defects, such as extroversion of the

bladder, or to the results of injury or disease, as in ectropion, destruction

of the nose or cheek, and mastoid fistulas.

Suitable Surface.—Opinions vary as to the most suitable surface on

which to place skin grafts. Some surgeons prefer a fresh raw surface made
by the knife ; others are content with a healthy layer of granulation tissue

;

while others employ the surface left after scraping away the superficial

layer of granulations.

All are agreed, however, that the factors of primary importance are, that

the surface shall be free of active septic organisms that it shall have a good

vascular supply, and that the tissues surrounding it shall be free of inflam-

mation, oedema, or induration. In the case of a granulating surface, the

marginal epithelium should show evidence of proliferation, in the form of

a dry, reddish-blue zone round the edge of the sore.

As the grafts maintain their vitality and power of reproduction by
becoming vascularised from below, the surface which most readily facilitates

the growth of young capillaries into them is theoretically the best. From its

structure, direction of growth, and functional activity, a healthy granulating

surface would furnish the most suitable soil for skin grafts were it not that

it is seldom as free from septic organisms as is desirable. Another objection

to grafting on a granulating surface lies in the fact that cicatricial contraction

is a necessary sequel to this form of tissue repair, whereas comparatively little

shrinkage follows when grafts are implanted directly on to a fresh raw surface.

The ultimate mobility of the new covering also depends to a large extent

on the nature of the surface on which the grafts are placed. The more
elastic tissue there is developed in the new skin the greater is its mobility

;

and as no elastic tissue forms in granulation tissue, it does not constitute

a suitable soil from this point of view. Elastic tissue in a scar is entirely

derived from the underlying and surrounding healthy tissues, but it is to

be borne in mind that it is naturally more abundant in some situations than

in others. The mobility of the new skin also depends on the plasticity of

the surrounding tissues and the original extent of the gap covered in.

As a matter of practice, it is found that, given an aseptic and fairly

vascular surface in a patient of moderate vitality, it is of comparatively

little importance, so far as the survival of the grafts is concerned, which

kind of surface is selected. The best ultimate results, however, are obtained

by grafting on a fresh raw surface. Each case must therefore be decided on
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its own merits, having consideration to the patient's power of standing such

procedures as the excision or scraping of the ulcer, with the attendant

loss of blood, and the nature of the cicatrix it is desirable to obtain.

Preparation of the Surface.—(a) A fresh raw surface, such as

results after the excision of a tumour of the skin, or the paring of tissues

in plastic operations for the rectification of deformities, requires no further

preparation than is necessary to ensure its asepticity and ?

to arrest

haemorrhage. The former indication is met by the use of a moderately

strong antiseptic wash,—such as 1 in 60 carbolic, 1 in 2000 corrosive

sublimate, or 1 in 200 lysol,—followed by free douching with normal salt

solution ; and the latter by torsion or forci-pressure of the visible vessels,

and firm pressure with a pad of sterilised gauze for capillary oozing.

Ligatures should, if possible, be avoided as, being foreign bodies, they

interfere with accurate apposition between the graft and the surface to

which it is applied, (b) In the case of chronic ulcers, such as occur on

the legs in association with varicose veins and other conditions, it has been

found advantageous to excise the ulcer entirely, including its indurated

edges and a zone about half an inch wide all round. The base of the ulcer

is dissected up, so as to expose healthy vascular tissue beneath it, and the

dense layer of fibrous tissue which in cases of old standing underlies the

granulations is removed. To prevent the granulations infecting the raw
surface during removal, the writer has been in the habit of painting the

surface of the ulcer with pure carbolic acid for a day or two before the

operation. This procedure is but slightly painful, and has been found very

efficacious in eliminating sepsis. To arrest oozing after excision of the ulcer,

a pad of sterilised gauze saturated with peroxide of hydrogen (10 volumes

strength) is applied all over the raw surface. This application has the

furtheradvantage that it is a powerful and penetrating, although non-destruc-

tive,' antiseptic. After the bleeding has ceased the excess of peroxide solu-

tion is washed away by a copious yet gentle stream of tepid saline fluid.

(c) In ulcers resultingfrom hums, especially when extensive and of com-

paratively recent date, it is not necessary to excise the whole ulcer. After

thorough purification of the granulating surface and the surrounding tissues

the superficial layer of granulations is scraped away with a sharp spoon, the

young fibrous tissue underneath being conserved, as it is still sufficiently

vascular to afford the necessary supply to the grafts placed over it. Any
young epithelium which may have formed round the margin of the ulcer

should also be removed, as it is very liable to break down after the grafts

have united and leave a raw ring around the newly-formed cicatrix. Oozing

is stopped by the use of peroxide of hydrogen or by firm pressure with a

pad of sterilised gauze, a layer of oiled-silk protective being interposed to

prevent the gauze sticking into the surface and starting bleeding again

when it is removed.
While it is most important to render the surface on which grafts are to

be placed thoroughly aseptic, it is undesirable just before the operation to

employ strong chemicals for this purpose, as these induce a copious oozing

of serum which tends to prevent accurate apposition of the grafts. What-
ever antiseptics are used, the surface should be freely douched with normal
salt solution before the grafts are applied.

Preparation of surface lohich yields the grafts.—The surface from which
the grafts are to be taken should be prepared in the same way as for any
other aseptic surgical operation, by thorough washing with soap and water,

soaking for twelve hours with a 1 in 40 carbolic compress, and finally

washing, just before the operation, with lysol, corrosive, or other antiseptic.
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Methods of Grafting

Epithelium sowing— the simplest of all these procedures—has

been variously ascribed to M. See and Lord Lister. It consists in

scraping with a knife-edge the superficial epithelial cells from some part

previously purified— such as the arm, hand, or sole of the foot— and
scattering them indiscriminately over the surface of the ulcer. A certain

number of the cells take root and grow, and so help the healing process.

They also act in some mysterious way—as all forms of skin grafts do—in

stimulating the growth of the epithelium at the margin of the sore.

The cicatrix thus formed, however, is found to be weak, and very liable

to break down again. In view of the much more satisfactory results

obtained by processes no more difficult to carry out, this method is but
seldom employed and is not to be recommended.

Epithelium grafting.—Reverdin, in 1869, first suggested and practised

the planting of minute fragments of vital epithelium with a view to

hastening the healing of granulating surfaces. The results were so satis-

factory that the method soon became an established procedure in plastic

surgery. A portion of the patient's skin, previously purified, is raised with

the point of a needle, and a small piece about the size of a split pea removed
with a razor or with scissors curved on the flat. The graft consists only of

the epidermis and superficial layer of the rete mucosum, and should be cut

without drawing blood. The skin of the prepuce removed by circumcision

from a healthy child furnishes most useful material for this method of

grafting. The portion of skin is cut into small fragments, each about

the size of a pin's head, and these are planted over the surface cf the ulcer.

As each of these fragments has only a potential growth of about half an
inch in diameter, it is advisable to place them so that the edges of the

epithelial islets which form will touch one another, and to plant them near

the edge of the ulcer in order that the grafted epithelium may blend with

that of the margin, and so consolidate the cicatrix. If the grafts are

widely scattered all over the granulating surface, so that the circular islets

which result from their growth are unsupported by one another and by the

marginal epithelium, they are very liable to disappear again, being

destroyed by the granulations which grow up between them. When suffi-

cient material is not available to plant out the whole raw surface, it is

better to confine operations to one portion of the ulcer at a time.

The dressing applied consists of imbricated pieces of oiled-silk protective

or silver foil, covered over with a pad of moist aseptic gauze and absorbent

wadding, retained in position by a firm bandage. A splint or other reten-

tive apparatus is useful in preventing movement of the part and disturbance

of the grafts.

The dressing is changed in four or five days. It is often found that

many of the grafts have disappeared, but this does not necessarily mean
failure, as they reappear a few days later as thin, bluish, glazed areas, which
rapidly increase in size and thickness.

The healing of the ulcer is markedly accelerated by this procedure, but

it must be admitted that the resulting cicatrix is somewhat weak and liable

to break down, and that there is considerable tendency for it subsequently

to contract.

Lush, of New York, has employed the epidermis raised by blistering

for purposes of grafting. After purifying an area of the patient's own body,

slightly larger than the size of the ulcer to be covered, blistering fluid is

painted over it. When the blister rises, the fluid is let out, and the raised
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cuticle carefully cut off with scissors and transferred to the granulating

surface.

Similar material may often be obtained from cases of accidental burns or

scalds, or by paring with a razor the surface of callosities on the sole of the

foot, after thorough purification with carbolic lotion.

Lusk has found that such material may be sterilised between glass plates

in an ordinary surgical steriliser, and that after being dried it will keep

for an indefinite period, and on being applied to an ulcer acts as efficiently

as a recent graft.

Over the grafts he applies a dressing of sterilised gauze, saturated with

balsam of Peru (one dram to the ounce), and sterilised absorbent wool.

This dressing is not changed for ten or fifteen days.

Thiersch's Method.—The general concensus of opinion seems to be

that the most generally satisfactory results are obtained by employing

grafts cut in long strips, and containing half the thickness of the skin—the

method associated with the name of Thiersch of Leipsig.

Although Oilier of Lyons had previously suggested the principle in-

volved in this procedure, the credit of bringing forward the practice and
demonstrating its value undoubtedly belongs to Thiersch.

The most convenient source of Thiersch grafts is the inner aspect of

the patient's own thigh or upper arm, or, when these are not available, the

front of the forearm, the skin in these situations being soft, pliable, and
comparatively hairless. When more hairy parts are selected, they should

be shaved before the grafts are cut. The area which is to furnish the grafts

should be purified beforehand in the same way as any other part on which
an aseptic operation is to be performed. Hirschberg believes that the

grafts are more likely to grow if the skin from which they are taken is

rendered hypersemic before cutting them. Fischer, on the other hand, has

obtained his best results after producing an artificial ischsemia.

The surface to be grafted is prepared in one or other of the ways
already described, and the bleeding completely arrested before the grafts are

placed in position.

For cutting the grafts, a sharp, hollow-ground razor is employed, the

blade being moistened by hot saline solution. To cut long, even, and uni-

formly thick grafts, considerable art is required,which can only be acquired by
practice. The essentials to success are (1) that the razor shall be sharp and
moist

; (2) that the skin be kept perfectly flat and perfectly steady, which
is ensured by an assistant stretching at one end of the area operated upon,

while the surgeon with his left hand stretches and steadies the other end

;

and (3) that the razor be used with a rapid, short, sawing movement. By
attending to these points, strips of epithelium six or eight inches long, by
one and a half to two inches wide can readily be cut. The grafts should be

immediately transferred to the surface on which they are to be planted. It

is not usually necessary to irrigate while cutting the grafts, nor to transfer

them to hot boracic lotion before placing them in position as has been re-

commended by some.
The grafts are placed on the sore, deep surface downwards, edge to edge,

or, better still, slightly overlapping one another at their margins, so that

they form a complete carpet to the sore. After they have been spread
out, firm pressure is made over the grafts with a pad of sterilised gauze
wrung out of normal salt solution, to express any blood or air-bubbles

which may have collected under them. To prevent the grafts adhering to

the gauze, a sheet of perforated oil-silk protective should be interposed.

Dressing.—"When the grafts are applied to a fresh, raw surface, and
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when there is no reason to anticipate any discharge, a dry, aseptic gauze

dressing may be applied. When the grafts are applied to a granulating

surface, on the other hand, and when there may be doubt as to its perfect

asepticity, a protective dressing should be employed.

This dressing consists of imbricated pieces of protective covered by anti-

septic or sterilised gauze, and a thick layer of absorbent wool secured by a

firm bandage. A retentive splint or other apparatus is of great advantage in

preventing movement.
The raw surface left by the removal of the grafts is bathed with a mild

antiseptic and covered with a dry gauze dressing. The writer has found a

simple picric-acid dressing, such as is used for burns, answer admirably. It

need not be disturbed for ten days or a fortnight, by which time everything

has healed.

Subsequent Dressing.—When a dry dressing has been employed, it may
be left in position for from seven to ten days. When protective has

been used, the grafted area should be dressed on the fourth, fifth, or

sixth day, the utmost gentleness and care being exercised to avoid dis-

placement of the grafts. Grafts which have taken present a smooth, dry,

pink surface, in contrast to the soft, sodden, dirty-grey appearance of such

as have failed. At the next dressing, say three or four days later, it may
be found that the epidermis of the grafts peels off as a fine, grey pellicle,

without, however, affecting the vitality of the graft, which by this time is

firmly adherent. A simple ointment dressing—such as weak boracic oint-

ment (a quarter of the pharmacopeal strength)—is applied until consolida-

tion of the new covering takes place.

In the case of leg ulcers treated in this way, a prolonged period of rest

in the recumbent position is necessary to allow of the consolidation of the

cicatrix. There is considerable risk of the grafts breaking down if the limb

is allowed to hang for any length of time within three months of the opera-

tion, and in cases of old-standing ulcer, even a longer period of recumbency
should be recommended. Great difficulty is often experienced in persuad-

ing patients of the importance of this part of the treatment. On other

parts of the body confinement to bed need not be protracted beyond six or

eight weeks, but great care must be taken to avoid active use of a limb for

some weeks longer.

Skin Grafting.—The transplanting of portions of the whole thickness

of the skin was first systematically practised by Wolff of Glasgow, who
employed it to repair defects of the eyelids. He carefully avoided removing
any portion of the subcutaneous fat with the grafts.

Krause of Altona has recently (1896) revived interest in this method.
He too avoids the subcutaneous fat. The grafts are placed upon a recent fresh

surface, and if granulations have already formed, they must be scraped away
and the surrounding surface pared with a knife until fairly healthy tissue

is reached. These grafts have taken equally well when planted on muscle,

fascia, connective tissue, periosteum, or even on denuded bone.

The source of the grafts is prepared as for an aseptic operation, and to

enable the wound made by their removal to be closed ; oval or spindle-

shaped grafts should be cut.

When it is desired to cover over a raw surface with a single graft, it

must be borne in mind- in planning the operation that the skin shrinks

after separation to about two-thirds of its original size. It is seldom neces-

sary to stitch the grafts in place, except upon the face.

The first dressing should be performed on the third or fourth day, as

vesicles are apt to form on the transplanted skin. It is necessary to take
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great care not to disturb the feeble attachments which the grafts have
formed with the wound. The after-treatment is the same as in Thiersch

grafting.

The epidermis peels off in a week or ten days, and occasionally small

superficial areas of necrosis form. Complete healing takes from three to

six weeks. The new skin eventually becomes movable by the development
of subcutaneous fat, but it is long ere sensibility is established.

Grafts taken from the Lower Animals.—As has already been said many
attempts have been made to utilise the skin of the lower animals to cover

in defects on the surface of the human body. The most satisfactory results

have been obtained by using the skin of young, warm-blooded animals, such

as pups, kittens, rats, and guinea-pigs.

The ulcer is prepared in the same way as for grafting by Krause's

method, and the whole thickness of the skin is employed, that from the

anterior abdominal wall being the most suitable. After killing the animal

the skin is shaved, and dissected up without the subcutaneous fat. In
other respects the procedure is the same as in transplanting the whole
thickness of the human skin.

Histological Changes.—The anatomical and histological changes asso-

ciated with the growth and consolidation of grafted skin have been most
thoroughly studied in relation to Thiersch grafts. When such grafts have
been placed on a raw surface without the intervention of granulation tissue,

in the course of a few weeks the new skin is found to be slightly reddened
in comparison with the normal skin, as a result of the formation of new
blood-vessels in the substance of the graft. The original blood-vessels of

the grafted tissue are found to degenerate, and to be replaced by new
vessels growing up from below. These finally vascularise the papillae and
so complete the blood-supply of the skin, a process which occupies several

months.

The superficial epidermis of the graft is shed as a fine pellicle within a

few days of transplantation, but is soon replaced by a covering of laminated

scales, which are shed more rapidly than in normal skin, on account of the

increased nutritive activity of the grafts. The more vascular the trans-

ported tissue is the thicker is the epithelial covering, and the less tendency
is there to excessive desquamation. As the graft becomes vascularised it

gradually reaches the level of the surrounding skin, and as it contains no
fibrous cicatricial tissue it soon becomes freely movable on its bed, and
shows little or no tendency to cicatricial contraction. Normal tactile and
thermal sensibility gradually returns in the course of a few months, progress-

ing from the periphery of the graft towards its centre. As a rule the hair-

follicles and secreting glands of the skin are not reproduced in the grafts.

Transplantation of Mucous Membrane.—Successful attempts have been
made to cover over defects in various mucous surfaces, such as the con-

junctiva, the cheek, and the urethra, with grafts of mucous membrane taken
from man or from the lower animals. The technique is similar to that

employed in skin grafting.
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Physiology.—The physiological basis of sleep is a matter of uncertainty.

Its phenomena are of the deepest interest, and when we consider the

relationship of sleep to all forms of animate existence we wonder how it is

so comparatively few workers have devoted their attention to its study.

Our knowledge of the conditions of sleep, both normal and morbid, and
their relationship to different diseases, is still extremely meagre. Most
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writers have devoted their attention to the interpretation of dreams and
allied phenomena, and in the immense mass of literature now available

there appears to be a tendency to attach to these phenomena a prophetic and
miraculous significance rather than a rational and physiological explanation.

Normal Sleep.—Various alterations in the organic functions occur

during sleep. Eespiration becomes slower and the amount of inspired

air diminished. In man costal respiration predominates. The elimination

of carbonic acid is diminished and absorption of oxygen increased. All

alcoholic drinks, tea, and the ethereal oils considerably diminish the

elimination of carbonic acid, and probably increase the absorption of

oxygen (Vierordt). The ingestion of food has also some relation to the
gaseous exchange in our bodies during sleep.

Cardiac action is slower and less energetic, blood pressure falls, and the

peripheral vessels dilate. The pulse may slacken or become accelerated.

The temperature usually falls. Enlargement of the limbs occurs, the in-

creased volume being due to the venous engorgement arising in con-

sequence of relaxation of the cutaneous vessels. The sweat glands of the

skin act more freely during sleep, hence the greater liability to chills than
when awake. The internal organs are usually somewhat ansemic, and at

night-time their functions are more or less enfeebled. The observations of

Busch (Virchow's Archiv, 1858, Bd. xiv.) seem to demonstrate that in sleep

during the day the bodily functions continue, and the stomach, etc., are

active. At night-time, however, their activity is diminished. Hence it is

that nocturnal employments are antiphysiological, and the bodily economy
and metabolism can only be adjusted with great difficulty. The kidneys
usually remain active during sleep, or if they are less active it is due to

greater activity of the skin. With sleeplessness the circulation becomes
accelerated and the blood impoverished owing to the diminution of the

number of red blood corpuscles. The nervous system undergoes certain

modifications during sleep. The knee-jerks become less active or may dis-

appear entirely during deep sleep ; but when there are intercurrent cerebral

activities going on as manifested in hypnagogic and dream states they may
become more active. Eosenbach {Zeitschrvft f. Minische Med., 1881, Bd.
Heft 2) observed the reflexes excited in children by tickling the palm of

the hand, the sole of the foot, and occasionally other parts of the body

;

also the cremasteric abdominal and tendon reflexes and the pupil reaction.

At bedtime, and when sleepy, reflex excitability increases—a stage of rest-

lessness comparable to the convulsive stage of chloroform narcosis. During
the first period of sleep, and while it is still light, there is weakening of

reflexes and commencing contraction of pupil; in the second or deeper period,

abdominal, cremasteric, and tendon reflexes are abolished ; in deepest sleep

tickling the sole of the foot, the nose, or ear still causes reflex movement
(Marie de Manaceine, Sleep : its Physiology, Pathology, etc., p. 25).

It is generally supposed that the brain becomes anaemic during
sleep, and the interesting observations of Tarchanoff, Wedensky, Waller,
Bowditch, Despine, Moreau, and others seem to demonstrate that during
sleep, although the cortex cerebri ceases to react consciously to various
stimuli, nevertheless the stimuli are transmitted as if the sensory nerves
are in full activity. The numerous examples of appropriate reactions to
certain stimuli performed during sleep lead us to believe that the reflex arc
is functionally active and awake and independent of consciousness. From
the fact that stimulation of the optic, olfactory, auditory, gustatory, and
cutaneous sensory nerves is attended by appropriate reactions, it is also
assumed that the cerebral centres concerned with the reflex mechanism
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may also be awake during sleep. Possibly in dreams the activities existing

in the centres may give rise to excitations or images which are consciously

perceived.

The Theories of Sleep.—It is impossible here to consider all the various

theories as to the causation of sleep. It has been attributed to the action

of this or that organ, such as the thyroid gland (Forneris), the arachnoid

plexus (Osborne), the basal ganglia (Purkinje) ; to cerebral anaemia (vaso-

motor theory) ; to accumulation of lymph in the lymphatic spaces round
the cerebral vessels ; to chemical changes in the brain-cells or neurons

—

such as an exhaustion of their intramolecular oxygen, or an accumulation

of the products of excessive metabolism in the form of leucomaines or

poisonous alkaloids. The accumulation of these waste products of meta-
bolism produces fatigue and sleep, and during sleep the process of oxidation

aids the removal of the waste products. Too protracted mental strain or

insomnia results in failure to completely remove or oxidise the toxic

products, and instead of narcosis, excitement or even convulsions are apt

to supervene.

The Depth of Sleep.—Hughlings Jackson has likened dreaming to

insanity. He suggests several degrees of the normal dissolution of sleep

:

(1) Sleepiness, (2) sleep with dreaming, (3) sleep with actions (somnam-
bulism), and (4) deep so-called dreamless slumber. He thinks at least

(2), (3), and (4) ought to be considered as different depths of dissolution of

the highest cerebral centres, with, (2) and (3) and possibly in (4), lower

ranges of evolution remaining in those centres.

In the first stage of sleep it may be assumed that the physical basis of

consciousness is affected, i.e. the highest level of evolution is for the time

being quiescent. The actual cerebral locality or localities affected are not

yet determined. The most we can assume is that the most highly evolved

substratum of consciousness of the left hemisphere probably inhibits the

right, and when the inhibition of the left is withdrawn the right is more
free to act automatically.

Just as with the problems of so-called "double consciousness" until

we have a more rational conception of what constitutes the actual

physical basis of consciousness we cannot elucidate the true nature of sleep.

The amoeboid theory enunciated more particularly by Euckhardt, and
elaborated by Lepine, G-olgi, Eamon y Cajal, Duval, and confirmed by
Lugaro, transfers the activities in the physical basis of consciousness to the

neuroglia. It is supposed that the pseudopods of the neuroglia are

possessed of the properties of extending and contracting. When extension

or relaxation occurs the pseudopods intervene between the cells and their

protoplasmic processes and the nerve-branches, so that the passage of nerve-

currents is either entirely stopped or considerably impeded ; the amoeboid

movements of the neuroglia thus acting as the isolators of the nervous

currents. The neuron theory that every nerve-cell with all its parts is

anatomically distinct from every other nerve -cell is borne out by the

observed facts as to the trophic individuality of each nerve-cell, and it is

probably true that each cell lives and dies a unit. The question as to

whether the neurons are genetically and structurally discrete, or whether

the distributing processes of one neuron form true anastomoses with the

collecting processes of other neurons is too extensive to be discussed here.

There is much to be said in favour of both sides of the question. The
hypothesis that the ramifications (or pseudopods) of the cells do elongate

and retract under varying influences, thereby favouring or breaking the

contiguity of neighbouring neurons, and so rendering it possible or im-
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possible for currents to pass, if true, would serve to simplify the explanation

of consciousness and allied states.

I have elsewhere ("Double Consciousness," vide British Medical Journal,

23rd September 1899) stated that I regard the highest evolved centres as

being a huge congeries of units or groups of units functionally continuous

—

under certain conditions of contiguity—with the periphery and with each

other. These units may be compared to lamps which give light when their

respective electric phenomena are in operation. Provided that the switches

and transmitting agents, both peripheral and central, are functionally

operative, they light up in turn in response to the stimulus, be it peri-

pheral or central. The study of seriality of thought would appear to

require some physical basis on this plan, and each element of conception

would require some physical counterpart correlative to the light (derived

from the analogy of the lamp). Carrying the hypothesis further, just as

the switches, couplings, or currents may under one series of conditions

become functionally inert at one time, leading to inability to produce light

in one or several sets of lamps, so under another series of conditions may
the same switches, couplings, or currents again become functionally active

and determine the existence of light.

The physical elements correlative to the series of central lights con-

stitute conception and seriality of thought, and the inertness of any of the

physical correlatives of this seriality would result in a loss of some of the

elements which go to make up consciousness and consciousness of self.

In sleep the physical basis of communication between full consciousness

and the outside world in some way is disrupted or rendered functionally dis-

continuous. There may, nevertheless, be some consciousness derived from
activities occurring within the organic substratum of consciousness, and
there may also be perfect or even accentuated conduction of sensory stimuli

from the periphery of the sensorium to be followed by elaborate and
appropriate reactions as seen in automatic and somnambulistic states.

Psychologically speaking, it is the diminished conscious recognition of the

relationship of sensory stimuli to self and of self to the environment that

characterises the first stage of sleep.

In the second stage the conscious perception of stimuli derived from
without (exoneurally), or from within (esoneurally), is further diminished,

and there is almost complete failure to recognise the relationship of self

to the true in environment. The cerebral areas representing the various

sensory and motor activities may remain active without bringing into

complete activity the physical basis concerned with the factors involved in

determining consciousness of environment. This second stage has been
termed the hypnagogic stage, or the stage of dreaming and allied states.

The various hallucinations, night terrors, somnambulistic and abnormal
emotional states signify that activities are going on in what remains intact

of the highest centres. In the Jacksonian view the positive mental states

(as evidenced in these activities) imply the co-existence of negative mental
states (as evidenced in non-recognition of the relationship of self to the
true environment).

Owing to the fact that various nervous tracts do remain open, as it

were, for the transmission of stimuli, it has been found possible to measure
the depths of sleep. The method of investigation has been to determine
the intensity of stimulus required at various periods of sleep to arouse the
individual to consciousness of the stimulus and of self to environment.

Most observers agree that the depth of normal sleep increases during
the first and second hour, after which it begins to decrease, then is again
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increased and maintained at about the same level. A typical sleep chart

would be somewhat as follows :

—

AWAKE

1
S-T STAGE

mPHAfiOQIC

DKEAM

DEEP

-L 1
r

.^2i3i4i5i6^,: 7

\
\

Chart. 1.—Sleep tested at intervals of half-an-hour.

Sleeplessness.—The necessity for sleep is evidenced in those who are

confined in our asylums, and it is sufficient to state that 90 per cent of the

cases admitted to Bethlem Hospital since the year 1820 have suffered from
insomnia.

There is no more common cause of brain exhaustion and insanity than
insomnia, and the effects of prolonged sleeplessness are so injurious as to

cause much serious care and study in nearly every case. The "repose

of consciousness " is absolutely necessary for the metabolism and nutrition

of the brain in order that the effects of the expenditure of energy during
the waking hours may be counteracted and overcome. We have already

seen that sleep does not necessarily arrest all cerebral activity ; but it

ought at least to arrest those activities which subserve the highest of our
mental faculties, viz. self-consciousness.

Insomnia occurs in varying degrees of severity. Some individuals

—

especially those of neurotic temperament—sleep lightly and are awakened
at the slightest stimulus ; others again sleep profoundly, or the sleep may
be protracted unduly. Perhaps there is no more definite sign_ of an
unstable nervous inheritance than the occurrence of insomnia from slight

causes. Overstrain either at physical or mental work, extreme heat or

cold, intense joy or anxiety, suspense or the reaction which follows its

alleviation, all these may be factors in inducing insomnia. In neura-
sthenics and hysterical subjects sleep may be fitful and uncertain. Physical
pain also causes sleeplessness.

In considering the various defects of sleep, we have to note not only the

defect itself so far as duration

is concerned, but also the char-

acter and stages of sleep affected.

Thus some individuals have a

defective or prolonged first

stage, as seen in the brain-

worker, or the individual who
has undergone some emotional

or mental strain. He sinks but
slowly into the deeper stages,

which may be prolonged, and from which he can only with difficulty be

aroused. The accompanying is a typical chart of such a sleep. The

STAGES 1 2 3 4 5 6 7 8 9
]** STAGE

HTPNAGOGIC

DREAM
DEEP

Chart 2.
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experiment was conducted on a person who had worked for fourteen hours

at the composition of an article for publication.

Another type is noticeable in those who have undergone great emotional

stress or strain, and also not infrequently after dietetic errors or excesses.

The first stages are rapidly passed through, but after a few hours there is a

return to the hypnagogic or dream level, which is protracted until a

secondary profound sleep is reached. This type is also common in infancy,

and may be the result of reflex irritability induced by irritation of the

gastro-intestinal canal.

The next type is one quite characteristic of nervous, highly-strung indi-

viduals. Sleep is readily induced, but there is a comparatively rapid

rebound to the higher stages of dreaming and even partial consciousness.

STAGES 1 s 3 4 5 6 7 8 9
!<" STAGE

y
HYPNAGOGIC

\
DREAM

\ /
DEEP \/

5TA6ES 1 z 3 4 5 6 7 3 9
|?f STAGE

HYPNAGOGIC

DREAM

DEEP

Chart 3. Chart 4.

The last type is that of excessive depth or morbid somnolence, where

the individual rapidly passes into deep slumber, and remains so until he is

with difficulty awakened.

Morbid Somnolence.—Morbid somnolence occurs as the result of habit,

and in those who are ansemic, and also very commonly in children, savages,

and cretins. Extreme heat and extreme cold also cause weakening of

consciousness and morbid somnolence. Narcolepsy, or sleeping sickness,

occurs in various countries as an endemic disease. It is more commonly

seen in feeble-minded individuals, who after fatigue become drowsy, and

pass into a condition of profound sleep, which may last, with or without

intermissions, until death occurs. Sometimes the condition simulates

that of katalepsy. In myxoedematous conditions there is apathy and

increasing drowsiness, with weakening of all the mental faculties. In

states of mental enfeeblement and of limited intellect there is a tendency

to prolong the duration of sleep. In some of the reported instances of

prolonged sleep there is some resemblance to the winter sleep of animals.

Clinically, the occurrence of fleeting interruptions of consciousness is

of great importance. There are several types which should be mentioned.

Petit mal, or paroxysmal sleep, occurring as a minor form of epilepsy.

This condition ranges in severity from simple drowsiness or actual sleep to

states of mental automatism in its different degrees. I have elsewhere

{Mental Physiology, p. 342) mentioned the two chief hypotheses to account

for the period of mental automatism, viz. (1) the period is not accompanied

by consciousness, so that nothing can be recalled to memory; (2) con-

sciousness does exist, but in so weak a form that none of the facts

occurring in consciousness can be recalled. Certain cases of mental

automatism are very closely allied to dream states, in which a person

may answer questions rationally, having, however, little or no after-

consciousness of the event. The loss of memory for dreams has been

thought to rest in the fact that the states of consciousness during dreams

are extremely weak.

The various types of so-called double consciousness form an interesting
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series of gradations between sleep and health. In a contribution to the

proceedings of the British Medical Association (vide British Medical

Journal, 23rd September 1899), I endeavoured to bridge the apparently

impassable gulf between the phenomena of double consciousness and our

more ordinary experiences, and drew analogies from a comparison with
dream, somnambulistic, epileptic, amnesic, and insane states. Briefly

enumerated, the cases mentioned fall under the following seven types :

—

1. Those occurring in early life, and in which the abnormal state is

preceded by night-terrors, somnambulism, or by both.

2. Types in which the abnormal state is preceded by profound sleep,

and in which the normal state is only again reached after prolonged sleep.

3. Types due to temporary or periodic amnesia acquired as the result of

accident, injury, or disease.

4. Epileptiform types.

5. Insane types.

6. Hysterical anesthetic types.

7. Types in which, during the abnormal state, the subject assumes the

possession of a mediumship.
These types are more fully considered in another volume under the

headings of "Night-terrors," "Memory," "Epilepsy," and "Unconsciousness."

Usually the narcoleptic types of morbid sleep tend to progress in

frequency and severity until they threaten not only dementia—or loss of

mental life—but also physical death.

Sometimes electricity has proved beneficial, but in the great majority of

cases treatment seems to be of little avail.

Morbid somnolence occurs occasionally in the condition known as

hatatonia. The later stages of this disease (attonita) are characterised

by immobility, with even marked rigidity of the muscles, and occasionally

mutism. The motor inhibition is very noticeable, and the fixity of the

posture, together with total inability to respond to stimuli, suggest a

condition closely analogous to morbid sleep. Sometimes there is " verbi-

geration " or abnormal and uncontrollable repetition of words somewhat
analogous to the phenomena called echolalie.

In this latter condition the subject may not understand or be able to

answer any questions ; he hears, but only repeats mechanically over and
over again, at each repetition cutting the phrase shorter and omitting final

syllables, until the whole has disappeared (" Sleep," in De Manaceine,

p. 110). For particulars as to the relationship of sleep to hypnosis, see

article on " Hypnotism."
The Hypnagogic State.—The condition known as the hypnagogic

state occurs when the individual is neither awake nor fully asleep. During
this period, as we have seen, the senses become more or less inactive, the

activity of the sense of hearing being the most persistent. The reflex

activity of the spinal cord is at first somewhat exalted, owing to its being

released in a considerable measure from the control of the brain. Psycho-
logically speaking, as the sensory organs retire from action, the intellectual

faculties lose their equilibrium. First the power of volition ceases, then

the logical association of ideas comes to an end, the reasoning faculty

disappears, and judgment is suspended.

During sleep, when the subject-matter supplied for the exercise of the

faculties of perception and judgment, and the operations of the will, are

withdrawn, the ideas that still arise are chiefly dependent for their origin

and association upon the automatic and endogenous activities of the brain.

Undisturbed by impulses from the external world, the brain seems then to
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become more sensitive to impressions having their origin within the body.

In a condition of deep sleep due to exhaustion, or the influence of

hypnotics, where the return to consciousness is comparatively sudden,

hypnagogic illusions and hallucinations seldom occur. This is also

frequently the case in persons with uric acid diathesis who recover

consciousness through a comparatively short period of extreme drowsiness.

In infancy the occurrence of an overloaded stomach, or irritation of the

gastro- intestinal tract due to some indiscretion of diet, readily induces

dreams, and in some instances terrifying hallucinations. It is in the

nervous individual, however, that the vagaries of memory and of imagina-

tion give those disorderly pictures during the prolonged stage of imperfect

sleep. This may be further enhanced by an enfeebled heart, an irritable

or turgid sexual apparatus, or by an irritable nervous ganglion. As the

result of - a terrifying hallucination, the individual may, during partial

consciousness, commit crimes in self-defence.

Sometimes the sensory perversions are mainly illusory, and it has often

been demonstrated that dreams may be suggested to the sleeper by stimu-

lation of the special senses. Thus, on hearing the rustling of a newspaper

an individual has dreamt of the sounds of waves on the sea -shore, and
conjured up with vivid intensity the visual picture of its accompaniments.

The impressions produced by the dream may be so vivid that a belief

in its reality may exist even some time after waking. Taine (On Intelli-

gence, p. 61) mentions that Baillarger dreamed one night that a certain

person had been appointed editor of a newspaper; in the morning he

believed it to be true and mentioned it to several persons. The effect of

the dream persisted all the forenoon as strongly as that of a real sensation

;

at last, about .three o'clock, as he was stepping into his carriage, the

illusion passed off and he knew that he had been dreaming. The instances

where some bodily sensation forms the stimulus to set up an illusion are

innumerable. Gaudin on one occasion read himself to sleep over an
account of the race between the Valkyrie and the Defender. While in the

hypnagogic state he imagined that he had one foot on each boat, and that

as they passed each other he suffered some discomfort. On awakening he
found his ankles tender, swollen, and temperature 103°.

I have elsewhere (Mental Physiology, p. 288) pointed out the similarity

between the phenomena of dreams and those of insanity. Many of these

phenomena are identical in every respect. There is in both a partial

displacement of the ego, by which the " I " which perceives the abnormal
is not the " I " which was wont to perceive the normal. In artificially

induced states of unconsciousness (e.g. by chloroform) I have seen an insane

patient who, whilst under the anaesthetic, gave vent by speech to the same
delusion and the same train of ideas as when in his ordinary state of

insanity. This fact alone was significant that the ego bore a corresponding

relationship to the actual cerebral activities in both states.

In the fully awake person the judgment perceives the nature of the

events which are manifested to the mind ; in sleep, and in insanity, on the

other hand, the judgment is weak and there is inability (the "negative
lesion " of HughHngs Jackson) to perceive the absurdity and impossibility

of the events which appear to happen. One point in which the dream
state differs from the insane state is to be found in the fact that in the

former a large part of the memory is blotted out, and the mind is unable

to compare present facts with the experiences of the past ; whilst in the

insane the memory for remote events is often unimpaired.
In the insane the dreams are often morbid exaggerations of the waking
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thoughts, and I have observed many instances in which insane persons

have dreamt that they had the usual forms of sensory persecution during

sleep as during the wide-awake state. Hack Tuke {Diet. Psych. Med.,

p. 413) records the case of a lady, the subject of melancholia, who was
entirely free from her troubles during the night. It is common, however,

for the melancholiacs to have dreams of a dismal and depressing character.

Savage believes that the prognosis as to recovery is good in those insane

melancholiacs who have pleasant dreams. In mania the phantasmagoria is

very varied, and on awaking the insane person confuses his dream states

with actual experiences. In alcoholics especially is this noticeable, and
gives rise to the condition known as -paramnesia. Such patients will

frequently assert they have undergone actual experiences, whereas they

have been in reality dreamed. In puerperal insanity we sometimes find

that the attack has commenced with a particularly vivid dream occurring

in the early morning, and it is not uncommon to meet with other forms of

insanity which have been an actual continuation or outcome of the

hypnagogic state. In a similar manner an insane hallucinatory condition

may be determined by the administration of an anaesthetic, such as ether

or chloroform.

According to Lyman, most dreams are composed of visual images.

The dreamer looks upon a picture which changes silently before his eyes,

without appealing to any other sense than that of sight. He also believes

that in certain cases any other sense may become excited, producing

illusions or hallucinations as perfect as the images of healthy vision.

They may be suggested by external impressions, or they may, at least

apparently, find their starting-point in accidental states of the bodily

organisation.

It is very questionable whether hallucinations of smell, taste, or

common sensation ever do occur in dreams. With regard to smell and
taste it is unlikely, as we are unable to conjure up actual tastes or smells

apart from their sensible cutaneous or other effects and accompaniments.

Most of these phenomena are illusory, and are due to the presence of an
actual stimulus acting on the organs of sense. All the phenomena
connected with the cutaneous sense, the muscular sense, and sensations

of pain, are productive of illusions, and may be traced to alternations of

the specific energy of their nervous connections. Muscular unrest, anaes-

thesia, parsesthesia, hyperesthesia, etc., all may be indirectly productive of

the various dream illusions. With regard to vision and hearing, however,

the habitual reference to these senses renders them particularly liable to

act during sleep, and it is with the activities of these two senses that most
of the dream states have to do.

Maury states that the ease with which dreams are recollected varies

inversely with the depths of sleep in which they occur. The intensity or

vividness of the illusions or hallucinations also in part determine their

capability of recall. The most important factor, however, is the awakening
immediately after the dream and recalling to consciousness the events of

the dream. When sleep is continued after a dream there is apt to be

failure of registration, and when full consciousness is reached, the dream
cannot be recalled. Manaceine believes that the hypnagogic state is most
noticeable in stout, phlegmatic, and plethoric individuals, and very

rarely in nervous and sanguine persons. When the hypnagogic period

is abnormally long, it often forms an early symptom of mental breakdown.

For many of the facts connected with the hypnagogic state, it has been

argued that there is a complete analogy between the hypnagogic and the
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hypnotic states. The response or reaction to suggestions from without is

somewhat similar. In a series of experiments undertaken by Manac&ne, it

was found that the hypnagogic state occurred more frequently in children

than in adults, and in males more frequently than in females. Too warm
a bedroom had a bad influence in producing it.

A psychological analysis of our dreams recorded in the almost classical

writings of Maury reveals the fact that dreams are mainly made up of

visual images. Visual dreams complicated by auditory representations

constitute about 60 per cent of the whole. Purely auditory hallucinations

are regarded as occurring only in musicians. As we have already seen,

dreams connected with sensations of touch, temperature, and muscular

movement, also of taste and smell, occur only as illusory phenomena, and
may be traced to some form of actual stimulation present. In general

paralysis of the insane, in the ataxic type, where there is loss of muscular

sense, the dreams sometimes take the forms of feelings as if the body were

flying in the air.

Dreams have been divided into two groups :

—

{a) Presentation dreams {nervenreiz Traume) occasioned or accompanied

by peripheral excitation. These would correspond to the illusory types

occasioned exoneurally, and any of the senses may be affected.

(b) Eepresentation dreams (jjsychische Traume) occasioned by central

cerebral excitation, and of the hallucinatory types. The rarity of olfactory,

gustatory, and organic hallucinations depends upon the absence of re-

presentation in connection with those senses.

Eibot investigated the revivability of smells, etc., in dreams in sixty

persons of varying class, age, and sex, and found that in 60 per cent of his

subjects there was a distinct and in many cases a very pronounced ability

to revive, voluntarily and involuntarily, familiar smells, such as those of

many flowers, carbolic acid, etc. 1

Titchener also believes that taste dreams involve a representative

element. When we consider the impossibility of voluntarily reviving

either smells or tastes apart from any present objective stimulus, and
without any confusion of the actual smell or taste with other sensible

effects upon the other senses {i.e. smell and taste apart from their usual

accompaniments of sight, touch, and common sensation, etc.), we doubt the

accuracy of these observations, and it is probably more correct to assume

that where there is any representative element in dreams of tastes or

smells, that element is either due to some present objective stimulus, or

confusion of the sensible effects of a former stimulus—the effects themselves

being reproduced, and not the actual smell or taste.

As a general rule, dreams are more numerous in cultured persons and
tend to reproduction of the individual's personal experience in varied

forms ; in uncultured individuals, on the other hand, dreams are neither

so numerous nor varied. The images in dreams may be so vivid that they

persist long after waking, and not a few delusions of the insane have had
their origin in dreams. To account for the vagaries is not difficult when
we remember that conscious thought and logic are absent during sleep.

Mercier {Psychology, Normal and Morbid) has recently stated his belief

that delusions come into being in precisely the same way as obsessions by
the independent and quasi -parastic formation of nervous connections

which may take place during sleep, and which are not necessarily attended

by any mode of consciousness ; and therefore, if we seek the origin of a

delusion among processes of thought, we are looking in the wrong direction.

1 Ribot, Psychologie des Sentiments, Contemp. Sc. Series, 1897, pp. 140 et seq.
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He regards the formation of a delusion as not strictly a psychological
event, rather in the process closely allied to that to which the name of
" unconscious cerebration " has been given.

Morbid dreams may occur with such intensity and vividness as to

render the individual practically insane. They also sometimes herald the
onset of some brain affection. In hysteria and epilepsy, illusions, hallucina-
tions, and nightmare occur very frequently. Sante de Sanctis found that
the dreams of epileptics are more liable to be affected by the weather than
those of hysterics, so that in this respect epilepsy merits its ancient
name of morbus astralis or lunaticus (quoted from Manaceine, Sleep,

p. 295).

Dreams in hysteria are also said to be briefer and less complex than
in epilepsy. Epileptic mania may arise during sleep; or there may
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Chart 5.—Disease : Acute Mania (recovered).

be a sudden attack of acute mania in sleep quite independently of
epilepsy.

Somnambulism.—This is an affection most commonly manifested in
childhood and youth. The eyes are frequently open, and as the vision is

more acute and the pupils dilated in the somnambulistic state, the
individual can perceive objects with very little light.

The tactile sense is also more acute, even though there may be analgesia.
Sometimes somnambules hear and respond to verbal sounds. The senses
of smell and taste may remain active. The muscular system is intact, and
often very remarkably so. Many instances have been recorded of
individuals who in a state of somnambulism have performed intellectual
feats in music, literature, and mathematics. Cases are on record also of
acts of homicide and suicide during somnambulism. Usually there is little

power of recalling the events that have occurred during somnambulism.
After recovery from attacks of insanity events may be partly recalled, and
this constitutes a slight difference between the two states. The statement
that somnambulists never remember what has occurred during their walks
is not quite correct. There is in somnambuhsm little or no conscious



SLEEP: NOBMAL AND MOBBED 205

adjustment of the individual's acts to the environment. If anything is

remembered, it is the dream and not the motor act.

Sleep in Insanity.—As we have already stated, the insane show the

most marked abnormalities of sleep. In acute cases there is usually

insomnia in the early stages, and it is just as important to keep a chart of
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Chart 6.—Disease : Puerperal Melancholia.

the condition of sleep in the earlier stages of insanity as it is to record

the temperature in conditions of bodily disease. Insomnia is by far the

most frequent of the disorders of sleep. Chart 5 represents in hours

the amount of sleep nightly in a case of acute mania with excitement,

April.March.
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Chart 7.—Disease : General Paralysis.

restlessness, and general confusion of the mental faculties. Normal

sleep with the aid of draughts was reached about the third week of the

disease.

Chart 6 represents sleep in a case of puerperal melancholia with

hallucinations, restlessness, and refusal of food. In this case also normal
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sleep was obtained about the third week of the attack, and followed by-

recovery.

Chart 7 shows the intractable nature of the insomnia in the maniacal
stages of general paralysis of the insane. In spite of large doses of

hypnotics and prolonged baths, the insomnia did not yield.
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Chart S.—Disease : Senile melancholia.

Chart 8 is of a case of senile melancholia with agitation and refusal of
food, which terminated fatally.

Chart 9 is a case of chronic mania with delusions of persecution. The
chart represents only six weeks' out of several years' continuous insomnia.
In this case sleep was very light, and the individual was roused on the
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Chart 9.—Chronic mania.

slightest stimulation of her senses. Another patient of the same type sat
upright in bed for several years and was never found asleep. In the
earlier stages of both cases, treatment only succeeded in causing confusion
of their ideas without any alteration in the lines of the charts.

Chart 10 is of a typical delusional case without any excitement or
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depression. The use of a prolonged bath during the daytime served to

induce more sleep, but without change in the mental condition.

This case proved incurable.

It will be seen from these charts that long-continued insomnia is un-

favourable as to curability. An analysis of the thousands of charts of

recorded cases of insomnia in Bethlem reveals the fact that insomnia of a

severe type, and protracted beyond a month, seldom results in complete

recovery. The brain appears to become too much damaged to be able to

recover itself. Often, therefore, a glance at a sleep chart is enough to

reveal the nature of the case as regards curability.

Tkeatment.—The treatment of insomnia may be divided into rational

and therapeutic. The rational is chiefly concerned with the acquirement
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Chart 10.—Delusional.

of habits most conducive to sleep. The bedroom ought to be cool, and with
a liberal supply of fresh air. Careful attention to minor details are

necessary, viz. the height of the pillow, the state of the mattress and bed-

clothes, the number of coverings ; some persons sleep better between blankets

than sheets ; some individuals are able to sleep comfortably if the two sides

of the mattress are slightly raised so as to enclose them in a hollow ; some-

times sleep is obtained by constricting the middle of the pillow and
adapting it to the neck so as to give complete rest for the muscles of the

head and neck. If sleep is liable to be broken by dreams, attention should

be paid to all the possible factors of causation. Posture can be rectified by
various means. The occurrence of dreams with sexual excitement may
sometimes be rectified by tying some object to the back, which when rolled

upon awakens the sleeper.

Baths are often extremely useful in obstinate cases of insomnia, and I

have seen good results from the use of prolonged baths for periods of as

long as eight hours' duration. Sometimes the addition of a little mustard
to the bath may be beneficial. Local applications of cold compresses to the

forehead or the use of electricity to the head may be of great use in

inducing sleep. I have frequently observed good effects from the use of

massage to the muscles of the occiput, neck, and spine, applied for twenty
minutes when the patient is in bed and ready for sleep. Diet is important,
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and in the chronic insane a liberal diet does much to ensure sleep and rest.

Posture is sometimes at fault, and not infrequently there is even during

sleep some muscular tension due to a somewhat strained attitude.

Flaccidity and immobility ought to be sought for, and efforts made to

counteract restlessness which stimulates the muscular and cutaneous senses

and tends to rouse consciousness.

With regard to hypnosis there is much difference of opinion, and it is

doubtful how far artificially induced hypnosis is really conducive to

refreshing sleep and restoration of exhausted tissues. In agitated states

where there is great motor excitement, and especially in agitated

melancholia, the use of the dry or wet pack is attended by good results.

Psychologically considered, the grosser emotions are often mainly

consequent upon or secondary to the violent expression of the emotion, i.e.

the emotion itself is derived from the reaction to an imaginary or real

exciting cause. It is rational, therefore, to check or control the violence of

this reaction by artificial means, and it is a well-known fact in the

treatment of mental diseases that by controlling the motor excitement its

consequent or corresponding emotion ceases. Thus it is that the employment
of a wet or dry pack in agitated melancholia has a beneficial effect. When
the rational treatment of insane states is more fully and better considered,

it will probably be recognised that just as rest, natural or artificial, is

necessary in the treatment of bodily pain, so rest, natural or artificial, is

necessary in the treatment of mental pain.

The use of hypnotics, to try to imitate the natural condition of sleep by
effecting a lowered intracranial pressure, or narcotics, to cause unconscious-

ness irrespective of diminished pressure, is a source of constant perplexity

to the physician. Of the various drugs used, space permits me to mention

only briefly the bromides of potassium, sodium, ammonium, lithium,

calcium, strontium, rubidium, csesium, also ferric bromide, ethylene or

ethene bromide, monobromide of camphor, and hydrobromic acid. Bromides,

if long continued, are apt to cause weakening of the mental faculties, acne-

form eruptions, and sometimes oedemaglottidis.

The chloroform and alcohol groups include alcohol, ether, aldehyde,

paraldehyde, chloroform, chloral hydrate, chloralamide, urethane, chloral

urethane, acetal, methylal, sulphonal, tetronal, amylene hydrate, hypnone.

All these drugs have been used with varying success in the treatment of

insomnia. Paraldehyde is perhaps one of the best, and can be administered

for long periods without bad results. The paraldehyde "habit" may be

acquired, and large doses (31.) taken without serious effects.

Sometimes, however, insanity may supervene as a result, and the form

is sometimes similar to alcoholic pseudo-general paralysis. Sulphonal is

also very frequently used, but has to be administered with caution. Its

slowness of action, its insolubility, and tendency to accumulate in the

intestinal canal render it at times dangerous even to life. Its ill

effects are headache, giddiness, staggering gait, confusion of ideas and
difficulty in speech, occasionally a scarlatiniform or measly rash, vomiting,

and heematoporphyrinuria. Erlenmeyer believes that the dose should never

exceed 30 grains, but this dose is useless in some cases of urgency. I have

occasionally given 60 grains with good results. It is contra-indicated in

cases of melancholia with sluggish bowels.

Opium and its alkaloids must be given with caution. It is sometimes

good for temporary use, but usually does harm if long continued. The
bimeconate of morphia is useful in conditions of agitated melancholia.

Hyoscyamine and hyoscine are useful in the treatment of insomnia in
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the chronic insane, but should be given with great caution where recovery

is to be looked for.

Sulphate of duboisine, cannabis indica, conium, Calabar bean, boldine,

and boldo-glucine have all had trials.

Boldo-glucine is said to possess hypnotic powers without causing
anaesthesia, but its properties have not yet been sufficiently investigated.

Sleeping: Sickness, or Negro Lethargy.
Geographical Distribution . . 209
Symptoms ..... 209

Definition.—A chronic meningo - encephalo - myelitis, characterised

clinically by progressive physical and mental lethargy, terminating in death.

Geographical Distribution.— Sleeping sickness is endemic in tropical

West Africa. It occurs in more or less circumscribed districts, from the

Senegal to San Paulo do Loanda. It is very common along the middle

reaches of the Congo. Although principally a disease of inland districts, it

occurs on the coast and islands, as for example in Fernando Po and the

Ilha do Principe. It has been met with as far inland as Timbuctoo on the

upper Niger, at or near Stanley Falls on the Congo, and on the shores of

Lake Tanganyika. Until recently this disease, apparently, was confined to

the western watershed of the African continent, but. within the last year or

two it has invaded Uganda, and is at present extensively epidemic in that

country and in other and neighbouring districts in the upper part of the

Nile basin. So far there is no reliable account of its endemic occurrence in

any other part of the world, although there is some reason to think that it

may occur among the aboriginal tribes of Guiana, South America.

Although sleeping sickness can be acquired only in the endemic area

described, owing to the great length of the incubation period in some
instances—seven years, it is said—the clinical manifestation of the disease

may take place in any part of the world. Hence in the days of the slave

trade the disease was common enough in the West Indies, but only among
the imported negroes. Some years ago a negro lad succumbed to sleeping

sickness in England after three years of good health in this country.

Race.—So far there is no well-authenticated case of sleeping sickness in

a European. Mulattos and Moors are susceptible, and there is no adequate

reason to suppose that the European, provided he is exposed to the infection,

whatever this may be, would prove insusceptible.

Epidemic Characters.—Within the endemic area the disease clings to

particular villages. It is not generally diffused throughout the endemic
districts. It affects particular foci, but may be introduced into villages

hitherto immune. When so introduced it may spread and cling to the

place for years, leading in the course of time to a heavy aggregate mortality.

In this way villages, and even whole districts, have become depopulated.

When it appears in a house parents and children, young and old, males and
females are equally liable to attack. In the villages in the endemic regions

on the Congo it is usually possible to find several cases in progress, so

common does it become.
Symptoms.—There is considerable variety in the character and grouping

of the symptoms of sleeping sickness, as well as in the rate of progress of

the disease. As regards the latter, about one year seems to be an average

duration, but a rapid case may prove fatal in three months, and a more
chronic case may last for several years—up to three at least.

VOL. xi 14
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An average case proceeds much as follows. With or without
occasional attacks of feverishness, headache, or rachialgia, the patient,

previously quite healthy, becomes conscious of impaired muscular power
and endurance. He tires easily at his work. His mincl is similarly affected

;

he comprehends slowly and with difficulty, conversation becoming an in-

creasing burden to him. At the same time, apparently in consecpuence of

the physical and mental languor, he is prone to fall asleep at unusual
times, even while at work, during his meals, or during a conversation.

Gradually this lethargic condition becomes aggravated. There may be
temporary improvements, but on the whole the condition becomes more
pronounced. The patient, from weakness or indifference, is apt to stagger

in his walk ; or he may shuffle slowly along, neglecting, or being unable, to

lift his feet off the ground. When standing or sitting, his body tends to

lean to one side, as if the effort to maintain the erect posture were too

much for him. His upper eyelids droop, and the tonicity of the facial

muscles relax, the
, expression of the face becoming vacant or mournful.'

He is dull or morose. Spontaneity ceases. He will eat when food is fjrought

him, but he does not ask for it. He takes no part in conversation, and con-

fines his answers to monosyllables. His answers, though delayed, are to

the point. At this stage the patient passes most of his time asleep, or

apparently asleep, indifferent to everything about him. He can be roused
easily enough, but drops off asleep very quickly. While eating he may
fall asleep.

Up to this stage, if the patient be carefully tended, nutrition and the
organic functions are adequately fulfilled ; but sooner or later he begins to

lose weight, bed-sores may form, muscular spasms or epileptiform seizures

may set in, or some grave intercurrent disease may be established, such as

dysentery, diarrhoea, pneumonia, sepsis, phthisis, and so forth, and the
patient dies.

In the majority of cases muscular tremor and fibrillar twitchings are

marked features, either throughout the disease or towards its termination.

Sensation is not manifestly affected. Spasm of certain groups of muscles,

often followed by paresis, is not uncommon. Eetraction of the head is not
unusual, especially towards the end of the disease.

Two additional symptoms may be noted in nearly every case of sleeping-

sickness, namely, pruritus and enlargement of the lymphatic glands, especially

those of the neck. The pruritus, which may be accompanied by a papular
or papulo-pustular eruption, is generally most intense over the chest and
abdomen. The skin loses its natural gloss, and is scored all over with long
white lines of abraded epithelium produced by the incessant scratching.

The enlargement of the lymphatic glands may be marked or slight. The
individual glands are discrete, not matted, and not adherent to the skin.

They may be tender, but do not suppurate. In size they vary from that of

a small bean to a walnut.

The senses are not manifestly involved. The fundus oculi, the superficial

and deep reflexes are normal. No abnormality has been remarked as regards

the secretions except, perhaps, that the saliva may be increased in amount

;

at all events, whether it be from increase of the amount or from inattention

to swallowing it, in many instances large quantities of saliva dribble from
the patient's mouth as he lies asleep.

It not infrequently happens that the disease is ushered in by a violent

maniacal attack, or such may be interpolated during its progress. Similarly,

there may be initial or intercurrent epileptiform seizures.

Morbid Anatomy.—Eecent and carefully-made examinations have shown
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that there is no gross lesion essential to sleeping sickness ; so far as naked-

eye appearances are concerned, the encephalon may seem to be healthy. It

is not unusual to see some thickening and opacity of the pia-arachnoid. over

the convexity of the cerebrum, and perhaps slight turbidity of the cerebro-

spinal fluid. In other cases similar evidences of meningeal inilammation

are more pronounced. The essential lesion, however, is detectable only by

the microscope, and consists in, as was first pointed out by Mott, an extensive

lepto-meningitis and encephalo-myelitis. Throughout the whole of the

central nervous systems microscopical sections show the pia-arachnoid

infiltrated with numerous small mononuclear leucocytes. This infiltration

can be traced along the blood-vessels and septa into the substance of the

nervous system. The peri-vascular lymphatics around the large and small

vessels are crowded with lymphocytes, similar cells being scattered about

and between the nerve cells and fibres. There are secondary changes in

the nerve elements, but they are of a character not nearly so pronounced as

in general paralysis of the insane, a disease to which sleeping sickness appears

to have many clinical affinities.

Mott found inflammatory infiltration of the lymphatic glands, and also,

in sections of the duodenum, large numbers of lymphocytes, as well as in-

crease in the size of the lymphatic nodules. So far as they go Bettencourt's

observations confirm those of Mott on the histology of the nervous system.

Etiology.—Bettencourt claims to have discovered in the cerebro-spinal

fluid and elsewhere a micrococcus which he regards as the cause of sleeping

sickness. Observations in England do not support this. Cultures of blood

and lymphatic tissue in competent hands gave negative results as regards

the presence of bacteria.

The morbid anatomy of the disease favours the supposition that. the

virus acts primarily through the lymphatic system, but what may be the

nature and source of the virus has not been ascertained.

A curious circumstance, which may or may not have a bearing on the

etiology, lies in the fact that in the vast majority of the cases in which the

point has been critically investigated the subjects of sleeping sickness are

also the subjects of infection with Filaria jperstans. Thus in three cases

carefully examined in England this parasite was found in all of them. It

was present also in a large number of films of blood derived from cases of

sleeping sickness on the Congo, and in thirty-three cases recently investi-

gated by Dr. Howard Cook in Uganda, the parasite was ascertained to be

present in thirty. As we know that Filaria perstans after being present

may disappear from the blood, it is not unreasonable to think that it may
have been present at one time or another in every case of sleeping sickness.

An intimate association between parasite and disease is further suggested by
a study of their respective endemic areas, which, so far as Africa is con-

cerned, and so. far as we know, are identical. On the other hand, many
negroes—fifty per cent—in some districts harbour Filaria perstans, but only

a relatively small proportion of them get sleeping sickness. If it be that

this parasite is the cause of the disease, some additional, and as yet un-

recognised, factor must co-operate.

It has been suggested that sleeping sickness is communicated by the

saliva. The negroes in some places entertain this idea. The negroes eat

together, using their fingers to convey their food from a common dish to

the mouth, and so, it is said, convey the virus.

Treatment.—So far, no treatment has proved of material value. Some-
thing may be done to prolong life by assiduous attention in feeding and
nursing.
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Definition.—Smallpox is a highly contagious specific fever, attended on

the third day of illness by a characteristic inflammation of the skin,

becoming first papular and ultimately pustular ; resulting frequently in

death, but often in recovery, the lesions of the skin commonly leaving

Fig. 1.—Mona "W., aged 7. An unvaccinated child. Illustrates variola discreta,

at the twelfth day of the disease.

permanent scarring or disfigurement. One attack as a rule protects from

recurrence.

Histoby.—Smallpox is known to have been indigenous in Eastern

countries for nearly two thousand years, its earliest records coming from

India and China. The first appearance in Europe seems to have been in

the sixth century, when fatal epidemics broke out in Southern France and

Northern Italy. England appears to have been first severely visited about

1241, land at this time the disease was widely spread throughout Europe.

From Europe smallpox was conveyed to the American continent, first to

Mexico in the year 1527, where it raged to a fearful extent, destroying
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millions of victims, and spreading thence to other parts of America, which
it gradually over-ran.

Smallpox has been one of the greatest, if not actually the greatest of
the scourges of mankind ; no form of disease has been more destructive of
life, none has brought more misery in its train. In Europe not a decade
passed in which the] disease did not overrun great tracts of country,

**» -

decimating the inhabitants in its progress. In England in the seventeenth
and eighteenth centuries a large proportion of the medical literature bears
upon the treatment of smallpox, showing that that disease was the common
form of illness which the physicians of those days were called upon to
treat. The records of the mortality from smallpox in the eighteenth
century show that it accounted for nearly one-tenth of the total mortality,
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that neither age nor sex nor social conditions afforded protection, and that

of those who recovered from it, the number permanently scarred or dis-

figured formed so large a proportion of the population, that unmarked
persons were comparatively few.

Escape from smallpox was regarded as so improbable, that in the East,

from a remote period, the practice had been in vogue of intentionally

inoculating persons from a mild case of smallpox, in the hope that the

inoculated person would also contract the disease in a mild form, and this

hoped-for result appears to have been frequently realised, but yet it was

attended with the grave difficulty, that any one so inoculated was liable to

impart the disease to a susceptible person in an unmodified form, and each

inoculated person was a new focus of infection. Inoculation was introduced

into England in 1721, and notwithstanding the dangers and grave

objections attaching to it, was continued until the introduction of

vaccination, which put an end not only to it, but exercised an influence

upon smallpox which constitutes the most remarkable of all triumphs over

disease ever achieved by medical science.

Causation.—Smallpox differs from most other infectious diseases in

being apparently uninfluenced by conditions of soil and climate ; it breaks

out wherever predisposed individuals are exposed to it, independently of

geographical conditions. The poison of smallpox is eminently contagious,

perhaps more so than that of any other form of infectious disease. Natural

susceptibility to it is almost universal, but children are even more liable to

it than adults.

Negro races are said to suffer more severely than others. There is no

ground for supposing that existing diseases of any kind, acute or chronic,

lessen the susceptibility to smallpox.

The writings of physicians, more especially of the seventeenth and

eighteenth centuries, show that individual insusceptibility did occur, though

rarely, and it is equally plain from these writers that mild forms of the

disease were by no means uncommon. One attack of smallpox usually

confers an immunity for the rest of life, but instances occur, relatively rare

no doubt, in which a second attack takes place, or indeed even a third may
be possible ; in most authenticated examples of second attacks the first one

has usually been mild in character, and many years have elapsed between

the two attacks. The case of Louis XV. of France is the best-known

instance of a second infection ; that monarch first suffered from smallpox at

the age of fourteen, and again at the age of sixty-four, the second attack

causing his death.

Although the exact nature of the smallpox contagion is not definitely

known, the results of inoculation conclusively prove that the poison is

contained in the skin eruption. The manner in which smallpox spreads by
contagion makes it plain that the virus multiplying in the body of a small-

pox patient is conveyed directly or indirectly to a predisposed individual

and infects that person. The contagion is exhaled from the skin and lungs

of the patient, is probably contained in secretions and excretions, and

beyond doubt, it adheres to clothing, and articles, and places with which the

patient may have come into contact. Hence, the attendants may convey

infection, or it may be received by entering a house from which the

patient has been removed. The patient may communicate the disease from

the initial stages of his illness up to the completion of convalescence, and
the bodies of the dead also convey infection. But experience points to the

suppurative stage as the most dangerously liable to spread infection. The
contagium of smallpox operates at a far greater distance than that of any
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of the other forms of infectious disease, and this volatility of the poison

is one of the most important and difficult matters to be dealt with in the

prevention of this disease. The following example which came under the

writer's notice in 1886 illustrates this point, and serves also to prove the

impossibility of domestic isolation unless every person within the range of

infection is protected by vaccination : A girl, nineteen years of age, con-

tracted smallpox at her place of business, and when taken ill went to her

Fig. 4.—Elizabeth M., aged 32 ; she had three good vaccination scars from vaccination in infancy.

The disease is exceedingly mild, eruption sparse. Photograph taken on ninth day of illness.

home at 94 B. Street, where she died on the twelfth day of illness, the

Registrar's certificate being the first intimation to the health authorities.

There was no smallpox known in the district prior to this. Although the

family at 94 B. Street were new-comers to the district, and had but few

acquaintances, yet within the next ten days following upon the girl's death,

no less than thirty-eight cases of smallpox were found in the immediate

neighbourhood of this house and were removed to hospital, the stage of the

illness of each of these cases proving that they had been infected during

the time the girl lay ill at No. 94 ; their locality served to identify still

further the source of infection. Facts such as these also indicate the
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necessity for care in the selection of the site for smallpox hospitals

(see p. 234).

Symptoms and Couese of the Disease.—Incubation.—Between the

moment that a person is infected with smallpox and the consequent out-

break of the disease there is a period of incubation during which there are

no definite symptoms of illness, although occasionally there may be languor

and malaise. This period is singularly constant in every case of smallpox,

whether modified or not. In every instance in which it can be fixed with
precision the period is almost invariably found to be twelve days, or, to be
more precise, twelve times twenty-four hours. The intensity of the infec-

tion of smallpox is such that one single brief exposure usually results in

infection, and hence it happens that the duration of incubation in this

disease is accurately known. A margin of variation of a few hours in the

onset of the initial rigors may be accounted for by the hour of exposure not
being definitely ascertained.

Invasion.—At the termination of twelve days from the time of infection

the invasion of the disease commences with sudden onset. It is character-

ised by rigors, sickness, intense headache and severe pains in the back and
limbs, accompanied by rapid rise of temperature, which reaches 103°, 104°,

or even 105°, within twenty-four hours. The aspect of the patient at this

stage is indicative of serious illness, his condition usually being one of com-
plete prostration. In the case of infants and young children this initial

stage is often ushered in with convulsions.

The symptoms of invasion are liable to vary in intensity, and are not

all always present in the same degree. In one patient headache is the pain

principally complained of, in another the pain in the back or limbs. The
sudden rise in temperature is very constant, and extreme constitutional

disturbance is common. In all extensive epidemics rare cases occur in

which death takes place during this stage. There is, however, as a rule, no
relation whatever between the severity of the initial stage and the subse-

quent progress of the disease. The prognosis at this stage can best be
guided, and indeed can only be guided by the condition of the patient as

"regards vaccination. The stage of invasion, or initial stage, lasts three

days, a few hours' margin being allowable for uncertainty in fixing the

precise period of onset, and throughout the whole of this stage the high

temperature is maintained.

It is during this period that the initial or prodromal rashes appear.

These rashes, which are by no means infrequent, and which may occur in-

differently in cases mild or severe in their after-course, are of two forms,

erythematous or petechial, either of which may appear on the second day.

The erythematous may be scarlatiniform or faintly measly in character,

widely diffused, and usually disappear in less than twenty-four hours. The
petechias are commonly met with about the abdomen and thighs, and fade

in about twenty-four hours. They are of no prognostic value, and are not

of serious import, but they must never be confused with the hemorrhagic
spots which appear in hemorrhagic smallpox upon the trunk and extremities

at about the same stage. These latter are much larger than petechias,

varying in size from a split pea to half an inch or more in diameter, and
are very dark in colour, their distribution also is entirely different.

The general symptoms which have been described usually attain their

maximum on the third day, and it is on the third day of illness that the

first signs of the characteristic eruption appear.

Eruptive Stage.—The earliest indications of the eruption appear almost

invariably as small pinkish macule upon the face—the forehead, eyelids,
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nose, and lips, becoming more or less thickly studded. Almost at the same
time, perhaps a few hours later, similar small red spots appear upon the

wrists, and in succession in varying numbers upon the arms, trunk, and
legs. These small spots eventually develop into pustules. By the end of

the second day after their appearance, i.e. the fifth day of the disease, they
have increased in size into red elevated papules ; on the sixth day of the disease

they have become vesicular, and the vesicles continue to enlarge until the

seventh or eighth day, when they have reached the size of a pea, and usually

present a central depression or umbilication ; the vesicle is loculated, and
consequently if punctured does not discharge its entire contents. Signs of

Fig. 5.—Mary D., aged 23, had never been vaccinated. The illustration shows the twelfth day of illness, and is

in marked contrast to the preceding vaccinated case. The eruption is confluent. Constitutional disturb-

ance was great, and convalescence exceedingly protracted, but the patient ultimately recovered, though with

permanent scarring and disfigurement.

suppuration may be evident on the eighth day by the increasing turbidity

of the contents of the vesicles, which by the ninth day are completely
converted into pustules. The adjacent skin becomes inflamed and swollen,

more especially the head and face, where the lax connective tissue opposes
less obstruction to the swelling. The eyelids are completely closed, and the

eruption and tumefaction render the patient wholly unrecognisable. The
condition is attended with great pain and discomfort, most complained of

where the skin is least yielding, for example the fingers and toes.

The mucous membranes of the nose, mouth, and pharynx are simul-

taneously attacked by the eruption, also the tongue and larynx and trachea,

giving rise to respiratory troubles. The pocks on the tongue and mucous
membrane of the mouth are altered in appearance by the fluids with which
they are macerated.
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The general condition of the patient during the development and progress

of the eruption is important, and the earlier phases of this stage derive

additional interest from their value in differential diagnosis.

As already stated, the first indication of the eruption is upon the third

day, at a time when the febrile and general constitutional disturbances are

at their maximum. But with the appearance of the eruption a most im-

portant change occurs. In all forms of the disease the temperature falls,

and the general condition of the patient markedly improves. In the case

of smallpox modified by vaccination—and these constitute the majority of

cases met with in these days—the fall in the temperature is rapid, the sub-

sequent development of the rash is abortive, and the patient usually pro-

ceeds to an uninterrupted convalescence. In unmodified smallpox, however,

the decline in temperature is slower, the general relief less marked, and with

the progress of the inflammation of the skin the high fever and suffer-

ing return, the temperature never perhaps having reached the normal (see

Charts), sleeplessness and delirium adding to the gravity of the case.

About the eleventh or twelfth day of the disease the pustules begin to

dry and scab, the process usually following the sequence of their appear-

ance. A yellowish exudation takes place, first upon the face, followed by

desiccation, and accompanied by a characteristic offensive odour. Pain,

tenderness, and swelling meantime gradually disappear.

After a variable period, extending perhaps to eight, ten, or twelve weeks

or more, the falling-off of the scabs is completed, as also the desquamation

of adjacent skin. For a varying period the hyperemia condition of the

sites of the scabs persists, leaving reddish blotches, especially marked in

cold weather. These ultimately disappear, but the scarring which results

from destruction of the skin persists through life. Loss of hair is common,

but the loss is not as a rule permanent, unless the pocks on the scalp have

been deep.

Convalescence is frequently interrupted by the occurrence of boils,

which often recur to a most troublesome extent for many weeks. Bronchitis

is frequent
;
pleurisy, and inflammations of the joints, are not uncommon.

Coniunctivitis is a not infrequent complication. An ulcer often occurs

on the cornea, commencing at its edge.

Clinical Variations in Smallpox.— It will be obvious that there are con-

siderable variations in the type of smallpox, and it is necessary that three

prominent types should be specially alluded to.

Variola conjluens is a term usually applied to those forms of smallpox

in which the eruption covers practically the whole of the body ; over large

tracts of skin the pocks completely coalesce, more especially this is the

case on the face, hands, and arms, whilst on other parts of the body they

are closely crowded together. The mucous membranes and the larynx are

usually implicated. High temperature and delirium are prominent symp-

toms. Ptecovery from this form of disease is the exception ; when it does

take place convalescence is slow, and great permanent disfigurement ensues.

Purpura Variolosa.—This name is given to the happily rare form of

smallpox believed to be associated with the hemorrhagic diathesis, and

which is characterised by extensive hemorrhages into the skin, and of

internal parts.

Variola hemorrhagica pustulosa, as the name implies, associates the

hemorrhages with the ordinary eruption of smallpox. Hemorrhages

occur in the papules, and also in livid spots on the trunk and limbs, and

the condition of the gums resembles that seen in scurvy ; bleeding from

the nose and rectum, hematuria, and in women metrorrhagia, are frequent.
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The initial symptoms in this variety are severe, the secondary fever usually

low and accompanied by great prostration. Both forms of disease are

almost always fatal.

Varioloid.—Varioloid is the name commonly given to a form of smallpox,

mild in course and short in duration, and which, in fact, is the form that

the disease commonly takes when it attacks those who have been previously

vaccinated. The term " modified smallpox " is ecpially applicable. Vac-

Fiq. 6.—James B., aged 44. Had been vaccinated in infancy, one faint scar bearing evidence of the fact, and he

had been revaccinated on the second or third day of incubation of smallpox, two places developing fairly

well. The eruption is seen (sixth day of illness) to be exceedingly sparse, and the constitutional symptoms
were trifling.

cination (q.v.) protects most persons completely for a certain length of

time from smallpox, but the longer the term of years since this pro-

tection was afforded, the less will its influence be, consequently the

terms " varioloid " or " modified smallpox," under which are included all

these modifications, must be regarded as comprehensive ones. Generally

speaking, the initial symptoms do not differ from those already described.

They may, however, be of shorter duration, and the illness may terminate
with the appearance of a pimple or two upon the face or wrists, the tern-
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perature falling abruptly to the normal ; indeed, but for the association of

the illness with other cases of smallpox there would be nothing to be con-

sidered pathognomonic in cases such as these. The initial exanthemata,

already described, are met with in varioloid, the erythematous rashes are

said by authorities only to occur in this variety of the disease, and to be

not infrequent.

The true eruption presents every variety in amount, and it may abort

completely at the second, third, or subsequent day of its appearance, in-

stead of following the usual course, and convalescence at once commences.
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Case I.

The eruption, though discrete and sparse in its distribution, is quite character-

istic, and except for this limited distribution, and the abrupt check to its

development, it answers the description given : it is chiefly upon the face,

wrists, hands, and forearms, and very sparsely scattered on the trunk and

limbs, very little on the back. In rare cases the disease runs a more

severe course, approaching the unmodified disease.

The following cases are illustrative of some of the salient clinical

features, and must be noted in connection with the accompanying charts :—

Case I.—Kate H , aged 10.—Admitted June 28th, on the fifth day of the

illness, with a very diffuse rash cohering over the entire face, arms, and hands,

patches of cohering eruption on trunk and legs, but more scanty, on the back.

Stage of rash vesicular. Frequent cough, laryngeal in character; ; eyes suffused
;
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patient moaning and delirious ; numerous dark, hemorrhagic spots on the back,
chest, and legs ; eruption evident about the tongue, sordes, bloodlike on lips and
teeth ; occasional efforts to vomit, patient constantly grinding her teeth.

The eruption progressed in the usual way during the next twenty-four hours,

the patient in the meantime remaining more or less delirious. Some sleep had
been procured after bromide of potassium, but when awake the patient required
careful restraint to prevent her rubbing or scratching the affected parts.

Numerous bulla? containing blood-stained serum apparent about the face.

Several of these have been rubbed by the patient, leaving large abrasions on
various parts of the face ; a similar condition exists on the right wrist. The
cough continues, and is relieved by spraying with glycerine and tannin and
chlorate of potash. No further hemorrhagic spots have developed.
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Case II.

The subsequent progress of the case corresponds with the description already
given. The patient died on July 3rd, the eleventh clay of illness, practically at
the commencement of pustulation. The course of the temperature whilst under
observation is shown on the chart.

Case II.—Sarah P , aged 12 ; unvaccinated.—The whole course of the
disease in this case was mild, secondary fever lasting only about eight days, as
indicated by the chart. The temperature having regained the normal, con-
valescence was uninterrupted.

Case III.—Jane W , aged 22 ; unvaccinated.—The case derives interest
from the circumstance that the patient came under observation on the first clay

of illness, and the course of the temperature is consequently recorded from the
commencement to the termination.

The disease took the confluent form, was attended with hemorrhagic spots, and
in the salient points resembled Case I.
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Cases IV and V.—The course of fever in two more confluent cases are in-

dicated in the cases of Louisa H , aged 7, and John P
,
aged 3.9, both

being' unvaccinatecl.
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In marked contrast to tliese may be placed the cases of the disease modified
by vaccination. The duration and severity of the illnesses are fairly indicated by
the course of the fever.

Case VI.—Henry N , aged 21 ; vaccinated.—The illness commenced on the
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morning of July 16th with violent shivering, followed by intense headache, pains

in the back and limbs, nausea, and vomiting. On the morning of the 18th he
observed some faint spots on his face, and he was admitted to hospital on July

19th with a few small shotty papules about the size of a pin's head, but with

distinct areola on the face, wrists, and arms. On the lower part of the abdomen
and the upper part of the thighs were scattered a considerable number of some
petechia? ; these were also met with on the sides of the body, extending up to the

axilla?.

On July 20th a few of the spots on the face were vesicular, the others drying
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Case IV.

up, those on the arms and hands were more shotty, and a very few more papules
had appeared on the back and legs. The petechial rash had almost entirely

disappeared.
July 2lst.—The vesicles on the face had become pustular, buttery yellow in

colour, umbilicated, temperature sub-normal.
July 22nd, 2Zrd.—Progress satisfactory, petechia? still faintly discernible, the

eruption drying and scabbing.
Complaints of the throat feeling a little husky, a condition which ceased to be

mentioned after twenty-four hours.

The course of the temperature in a few typical cases is indicated on the

charts of Cases VII. to IX. :

—

Jane W , aged 12 ; M. W , aged 14 ; Matilda B—
In each case the eruption was extremely sparse.

aged 15.
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In connection with the differential diagnosis of smallpox, difficulties

are only likely to arise in the early stages of the disease when there may
be some doubt as to whether or not the case is a severe one of measles, of

typhus fever, or of influenza.

The practitioner will, of course, bear in mind the prevalence or otherwise
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of smallpox in the vicinity. He will also note carefully the condition of

the patient in regard to vaccination, and he will consider the age of the

patient. If the case is one of measles, one of the most helpful things

which he can have regard to is the course of the fever during the illness.

In smallpox, with the appearance of the eruption on the third day, the

temperature will begin to drop, and the general symptoms for the next
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twenty-four hours will be greatly ameliorated. With measles, on the other

hand, the temperature will remain high. The history of the case should help

him to decide between smallpox and typhus fever, pneumonia, or influenza

during the pre-emptive stage, and there should be no difficulty whatever in

differentiating after the eruption has appeared. Some confusion frequently

arises between the highly modified cases of smallpox and chicken-pox.

Here, again the condition of vaccination and the age of the patient must
be first considered, together with the presence or absence of smallpox in

the vicinity, but the distribution and the character of the rash will furnish

the safest guide in these highly modified cases of smallpox, concerning

which doubt might arise.
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In such cases of smallpox the eruption is mainly on the face, wrists,

and the arms, very sparse indeed, if at all, on the back. The sequence

of its appearance has already been alluded to and its character described.

With chicken-pox at corresponding stages the eruption may also be on the

face, arms, and wrists, but the bulk of it will be on the trunk, especially

the back. In the early vesicular stages, the vesicles are very much more

superficial than those of smallpox, resembling blisters from minute scalds.

Frequently these vesicles break, leaving in severe cases, and especially when
a child has aggravated it by rubbing the clothing against it, an ashy grey

ulcerated surface, not unlike that produced by a burn, larger in area perhaps,

and certainly more superficial than the eruptive pock in modified smallpox.

The coexistence of the various stages of the eruption will also be noted.

15VOL. XI
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In almost all smallpox outbreaks, numerous instances come under

notice in which the smallpox patient has sought the protection of

vaccination some time after exposure to infection, and had been vaccinated
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at some period during the stage of incubation of smallpox. This circum-

stance has given rise to the not uncommon cases in which vaccinia and

modified smallpox are concurrent, that is to say, cases in which the

vaccination runs its course, more or less in the normal way, at the
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same time that the patient is passing through a modified attack of
smallpox.

The important question arises as to whether or not it is of use to
vaccinate a person after a certain number of days have elapsed since his
exposure to infection. As a matter of routine practice, every person so

exposed ought certainly to be revaccinatecl at the earliest opportunity, and

abh t
V^cma*10n takes place within three days the patient will prob-

been L ? f ,
^ote

^f'
If

> °* ^ other hand, the vaccination hasbeen delayed for from between the second to the eighth day the prob-

ite J.d
8^ ^f"^ WlU bG m°difi^but after

&
nine da'ys it if? olate, and the protection cannot be relied upon.
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There is, however, something more to be said upon this extremely

interesting question.

Dr. Koberts, of the City Smallpox Hospital, as a routine practice,

vaccinated 200 patients admitted to the smallpox hospital between the

second and sixth days of illness. Two of these cases who were vaccinated

before the eruption appeared had concurrent vaccinia and modified small-

pox. Two others, vaccinated on the second day of the eruption, ultimately
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developed vaccination vesicles, the smallpox running a very modified

course. These were the only results obtained out of the 200 experimented

upon.

It is generally accepted that cases of doubtful diagnosis in which
vaccination has been successfully performed are cases of some illness other

than smallpox, but in the cases noted there is no doubt as to the diagnosis,

and indeed similar incidents have occurred during most of the extensive

outbreaks.
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Prevention.—Isolation and disinfection alone would be futile in limiting

the extension of smallpox ; this was so profoundly felt in pre-vaccination

times, that inoculation of the disease itself was resorted to, since experience

showed the inoculated disease to be much milder than when contracted in

the usual way, and inoculation was accepted in the hope of escaping the

ordinary severity of the scourge.

Prevention of smallpox is found in vaccination ; the degree of protection

depends upon the efficiency of vaccination. This subject is fully dealt with
in the article Vaccination (q.v.). Administrative measures of a stringent

kind are, however, necessary in limiting the extension of smallpox in this

country, on account of the difficulty or indeed impossibility of extending to

Fig. -Simon M.; aged 28. Twelfth day of disease. Represents the customary severity in an
unvaccinated man.

the entire population the complete safeguard which efficient vaccination

affords.

Why is it that smallpox when imported into a district sometimes takes

on an epidemic form, attacking, it may be, large numbers of people, and at

other times or in neighbouring places at the same time the importation is

restricted to a relatively trifling number of people ?

It is not improbable that there may be certain conditions of climate

which are more favourable to smallpox than others, but there is no reason

to suppose that in these latitudes differences of climate affect the incidence

of the disease at all, in fact different outbreaks of smallpox have reached
their respective maximum under very varying seasonal conditions.

The reason is rather to be sought in the circumstances attending the



SMALLPOX 231

David L., aged 29. Vaccinated in infancy ; two good marks. Sixteenth day of disease.

Charles R., 28 years. Vaccinated in infancy ; one
good mark. Eevaccinated 26th February
1902. Successful.

Figs. 8 and 9.—Illustrations of smallpox modified by vaccination in'infancy.

James W. , aged 57. Vaccinated in infancy ; two
good marks. Fourteenth day of disease.
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importations ; in cases in which the infected person has by good fortune

been in contact only with the vaccinated, and when his illness is discovered

at an early stage, and he and all things likely to be infected are promptly
removed and dealt with, then it is easy to understand that there would
be no extension of the disease ; or again, by extreme watchfulness, and by
prompt isolation of all those who may have been infected, and revaccinating

all who may have been in contact with them, the outbreak will be limited

:

but such measures are not possible in all cases, and it is easy to understand
that if persons whilst actually suffering from smallpox, and from negligence,

or from ignorance of the nature of their illness, have followed their usual

avocations, or travelled in public conveyances, or even visited places of

public entertainment, an extension of the disease must follow ; again,

instances are frequent in which the patient has lain at home for a time, the

children attending school perhaps, adults and lodgers going to their busi-

ness, the mother dividing her attention between the patient and the shop,

infected linen and other articles sent away, visitors calling at the house

:

these are the circumstances which sufficiently explain why in the one case

the disease takes hold upon a town, and why in another case the outbreak is

soon suppressed.

The most careful, patient, and tactful inquiries are necessary in tracing

the connections between cases of smallpox, and it is only by these inquiries

that fresh cases can be discovered in the early stage, and that missing links

in the chain of evidence connecting cases together can be found. It is

desirable that legislation should impose a penalty upon responsible persons
who wilfully withhold information, or knowingly give false information in

answer to inquiries made by the medical officer of health.

It is a good routine practice, that whenever a case of smallpox is notified

under the terms of the Notification Act, or discovered by members of the
staff, the patient should be at once removed to hospital, the house dis-

infected throughout, the bedding and clothing removed to the disinfecting

station. If the bedding and clothing require to be destroyed, a liberal

compensation should be paid under the terms of the Public Health
Act.

The rooms should be stripped of wall-paper, which is removed and burnt.

Special inspectors, experienced in the work, should visit the houses to

ascertain precise particulars as to the vaccination of the inmates, visitors,

and neighbours, and also endeavour to find out all the persons who have
been in contact with the patient. Notice should be sent to the vaccination

officer that the case has occurred, and full particulars of all contacts also

sent to him. If any persons living in other towns have visited the patient,

information must be at once sent to the medical officer of the district, and
notice sent to the school attended by the children (if any), precluding their

further attendance. Absentees from school or business, class-mates, or

work-mates of the patient must be sought, and when necessary notice sent

to the employers.

A special effort must be made to induce other inmates of the house who
may be employed in large works or offices, etc., to be revaccinated. If

they refuse, an intimation should be sent to the employer that it is advisable

for them to remain from work for fourteen days.

The infected house must be visited, and all contacts visited every day
for fourteen days, and every few days for another period of two weeks, to

ascertain if any further sickness occurs ; and if any ailment is reported, a

medical officer should visit the sick person forthwith, to ascertain the

nature of the illness.
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A special staff ought to be employed exclusively for smallpox in regard

to ambulance, disinfection, etc.

It must always be remembered that the patient is infectious from the

commencement of the illness until the final removal of all signs of scabbing

and scaling ; in fatal cases the cadaver is highly infectious, and the coffin

enclosing it should be packed with disinfectant and conveyed direct from

the mortuary to the grave, or to the crematorium.

Fig. 10.—Deserves special attention by reason of the typical sparseness of the eruption on the back.

A very different distribution to the eruption of varicella.

Smallpox Hospitals and Isolation Houses. — Some circumstances in

connection with hospitals for the isolation of cases of smallpox call for

observation.

Site.—The site of the hospital is an important matter. This should be remote
from dwellings, highways, public footpaths, and places of public resort, and it

should be altogether independent of the hospital for other forms of infectious

diseases.
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These requirements make the selection of a site difficult, more especially as a
large area of vacant land is necessary around it, approximately within a radius of
400 yards or upwards.

It must be remembered also that means must be taken to prevent future
encroachments upon this land by dwellings or buildings likely to attract people to
the vicinity.

Constriction.—The hospital should be constructed upon the. pavilion system,
and in conformity to the well-known principles in regard to lighting, ventilation,
cubic and floor spaces, etc. ; it should contain a liberal margin to allow of the
isolation of suspected cases, and it is also necessary to make provision for the
temporary accommodation of persons who have been in intimate contact with the
patient before removal. Hence a city, say of 250,000 inhabitants, should have
always available not less than fifty beds for the appropriate isolation of the inci-

dental cases of smallpox which are liable to be imported into such a town, as well
as those who have been in immediate contact with them, and also for the accom-
modation of suspected cases, and it is not less necessary that means of providing
more extended accommodation should be available to meet emergencies which
may arise.

Administration.—With regard to the administration of a smallpox hospital
there are points requiring attention in addition to those common to ordinary
hospitals for infectious diseases. Perhaps the most important are :

—

(a) The revaccination at the time of entering upon their duties of all persons
engaged upon the premises, whether regularly or only temporarily at work, and
no matter what the character of the occupation may be.

(b) The admission of visitors. It becomes necessary from time to time to admit
visitors to patients in the hospital. This should be permitted only under urgent
and exceptional conditions, such, for example, as those in which the patient may
be in extremis. Visits should be minimised as far as possible, and the visitor
should be required to be revaccinated (unless this has recently been done), to put
on suitable hospital clothing during the visit, and to take a good disinfecting bath,
and resume his own disinfected clothing before leaving. As an alternative he
should be detained in the isolation section for fourteen days after vaccination.
Promiscuous visiting is wholly inadmissible. Every information should be given
to relatives and friends at a suitable place, in order to avoid the risk inseparable
from visits to the hospital.

(c) No articles of any kind should be sent out from the hospital, and letters
wiitten by patients must be carefully disinfected by dry heat.

(d) Nurses and attendants off duty and on leave must take the usual pre-
cautions to guard against carrying infection from the hospital. Disinfecting
baths should be taken, and clean clothing worn before mixing with their friends
or the public.

In many boroughs and small districts the smallpox hospital is an adjunct of the
fever hospital, and is controlled from the same administrative block. No doubt
this plan is adopted for convenience, and, owing to the rarity of smallpox visita-

tions, the arrangement cannot be altogether condemned in small districts. The
expense and inconvenience attending the upkeep of a hospital, for which perhaps
for years there may be no use, is not to be lost sight of. At the same time the
arrangement is not one to be recommended.

It is a great safeguard to have abundance of room, not only for actual cases of
smallpox, but for the isolation of doubtful cases, and for the complete isolation of
families from which a case of smallpox has been taken. This latter question leads
"to the consideration of the provision of special accommodation in quarantine
houses where people may be kept under observation. There is clearly an advan-
tage in removing them to wards connected with the hospital, provided that they
are willing to go and are well conducted. It is mucli easier to induce them to go
with the patient than to go to another district institution. If the wages of the
bread-winners are paid there is usually very little difficulty on this head, and it is

far better that this payment should be made than that grave risks should be
incurred. There is no special advantage in obtaining large dwelling-houses, and
transferring to these dwelling-houses families from which a case of smallpox has
been taken. These families can be equally well revaccinated and kept under
observation in their own homes in the manner already described.

The great object to aim at is to minimise the means of communication of

intimate contacts with the public. It is impossible to remove and isolate all of

them, and indeed it is quite unnecessary that such a thing should be attempted.
Care, intelligence, and tact must be exercised in the matter, and it is not
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difficult to keep the people under observation without rendering that observation
in any way irksome.

Fig. 11.—Alice K., aged 2S. This patient had two cicatrices resulting from vaccination in infancy, but the case

derives interest from the fact that re-vaccination, performed eight days after inception of smallpox, ran its

course and evidently modified the disease.

The following table (X) is interesting, showing the number of cases of

smallpox imported into Liverpool during each of the last twenty years, also

the number of patients in the city during that period, and the proportion

removed to hospital. Table Y shows the cases and deaths during a longer

period.

[Tables
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(X) Smallpox in Liverpool, 1881 to 1901.

Year.
Imported by Sea Reported in Removed to Percentage

or Overland. the City. Hospital. Removed.

1881 16 246 199 75-95

1882 7 60 56 83-58

1883 12 114 105 83-33

1884 11 821 743 89-30

1885 11 364 342 91-2

1886 2 232 215 91-88

1887 2 21 23 ioo-o

1888 9 18 19 73-73

1889 8 1 8 88-88

1890 2 2 ioo-o

1891 10 11 21 ioo-o

1892 10 167 177 ioo-o

1893 12 63 73 97-33

1894 6 223 227 99-12

1895 7 130 117 98-15

1896 7 3 10 ioo-o

1897 2 4 6 ioo-o

1898 9 8 16 94-11

1899 6 4 10 ioo-o

1900 32 124 154 98-71

1901 20 17
1

37 ioo-o

(Y) Smallpox, 1865 to 1901.

Years of
Increase.

1865

No. of
Cases.

Unrecorded

1870
1871
1872

1876
1877

1884

1660

Deaths.

459
102

174
1919

50

299

Years of
Subsidence.

832 106

1867
1868
1869

1873
1874
1875

1878
1879
1880
1881
1S82
1883

1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901

No. of
Cases.

Unrecorded

35

12
14

262
67

126

375
234
23

27
9

2

21

177
75

229
130

8

6

17

10

156
37

Deaths.

22
18

20

10

30
29

2

34

6

26

46

29

1

1

1

2

13

9

20
12

2

1

23
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Treatment.—As already stated, attempts have been made to check the
course of smallpox by vaccination after the initial stage, and the eruptive
stage has been entered upon ; these attempts may be regarded as futile,

since there is no sufficient evidence to show that any result has followed
the experiment. There is no specific treatment to be adopted with a view
to cutting short the attack, and the progress and severity of the illness will

depend altogether upon the efficiency of the vaccination the patient may
have undergone, and the time which has elapsed since its performance.

A careful treatment of symptoms upon general principles will do much

Fig. 12.—William T., aged 18 ; tenth day of disease. No marks ; unvaccinated.

towards mitigating the suffering and promoting the recovery of the

patient.

From the commencement the patient should be kept in an airy and
well-ventilated ward, the temperature of which is maintained at about 60°

to 65° Fahr. It is a not uncommon practice to use mattresses of coir fibre,

or some material which can be frequently burnt and renewed ; horse-hair,

however, will be found to be most comfortable ; the bedding must not be
excessive, the comfort of the patient being the guide. The diet must be
one suitable to the patient's febrile condition, and drinks such as water,

lemonade, etc., may be given ; frequent tepid sponging is valuable in the
early stages ; headache may be allayed by iced compresses, and vomiting
or the tendency to it are frequently relieved by sucking ice or by seidlitz

powder. Sleeplessness may be met by bromide of potassium ; morphia or

chloral must be used with caution, and with careful regard to the patient's
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condition ; in excessive or violent delirium, with Hushed face and bounding
pulse, the combination of antimonial with the sedative is valuable, but"

preliminary to their administration the bowels should be well opened by an

aperient. As the disease progresses and the eruption appears in im-

vaccinated patients, the more complete rest the patient has the better are

his prospects of recovery ; daily tepid sponging, and daily change of linen

are necessary, but it is not good to sponge frequently, nor to give him
frequent baths, these in severe cases appear to aggravate his condition and
to promote- and increase suppuration; pain from the eruption, for example
on the hands, may be relieved by cold compresses ; to prevent pitting

various applications to the face have been tried, e.g., collodion, ointments,

such as those of oxide of zinc, mercury, or boracic acid, painting with

iodine ; also evacuation of contents of pustules, but none of these has any
permanent effect. The oily ointments are most soothing, and appear to

hasten the processes of maturation and desiccation, but if one-half of the

face is treated in either of these ways, and the other half left alone, the

ultimate results are the same.

Throughout the illness strict attention must be given to dieting ; the

nourishment which the patient can assimilate will usually be in a liquid

form, and the administration of wine or brandy will be governed by his

condition.

Delirious patients must be carefully watched to avert accident.

During convalescence, tonics, as quinine, are useful, and at this stage

baths are of the utmost value, and facilitate the scabbing and scaling pro-

cesses. Boils are common, and must be treated surgically. Small ulcers

at the edge of the cornea are frequent at this stage, and usually get well if

a little powdered calomel is blown into the eye.

The mild forms of modified smallpox call for no special treatment.
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(See also " Snake-Bites in British Isles," p. 254).

From very early times there has been a common belief that certain

people had a peculiar power of freely handling venomous snakes, and that a

measure of resistance to the poison was acquired. Some of these " snake

men " are not only described in old records as being immune to the poison,

but also as having a remarkable influence over the snakes themselves ; it

was popularly supposed that snake blood flowed in their veins.

In present times it is well known that some men exhibiting snakes in

India frequently rub in small quantities of the venom on the back of one
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hand with the other, a small part being probably absorbed. In South
Africa the Hottentots are said to eat the heads of poison snakes when
killed.

Serpents were very generally worshipped by ancient man ; their great

beauty, grace of movement, and frightful power of causing rapid death by
injecting venom, or by crushing, appealed strongly to the superstitions of

the people, who either associated them with death or wisdom.
This serpent worship was almost universal, and is nowhere more

prevalent than in India, where even in the present day the cobra is held in

very great veneration, and it is never willingly killed by the Hindoos. In
pre-Buddhist times, that is, about 600 B.C., the gods were represented with a

canopy of five or seven cobras over them (Naja figures), and in the old cave

temples very beautiful relics still remain showing these. In Southern
India a single cobra is frequently represented alone. It is also one of the

symbols of Shiva now.

In Egypt the old papyrus records show that snakes were divided into

two classes ; one, generally the cobra, being associated with divinity and
symbolising wisdom ; the second representing the malign influences and
death, depicted as the serpent " Apep," the emblem of darkness, and the

enemy of " Ea " the sun.

In China these beliefs take a more practical form, the concretions, etc.,

of snakes finding a prominent place as therapeutic remedies. Traditions of

the same kind have been passed down from mediaeval days to witches, etc.,

vide "Macbeth."

Many curious powers are attributed to snakes beyond the mesmeric
influence they exert over their victims before springing upon them. Thus a
" krait " or species of Bungarus found in Scinde is called by the natives

there " pyan " or drinker. This snake is said to suck in a man's breath when
he sleeps, the result being that he dies at sunrise, with a swollen face, but
no mark of a bite on him. No one will sleep on the ground for fear of the
" pyan " in this district. The natives, however, admit that it can bite but
rarely does.

Venomous snakes are divided into two main classes—(1) Colubrine,

(2) Viperine.

The Colubrine again into (1) Elapidse, or land snakes.

(2) Hydrophidse, or sea snakes.

The "Elapidse include

—

(1) Naja, or Cobras, found in India, China, and N. Africa.

(2) Ophiophagus, or Hamadryads, found in India and East Indies.

(3) Bungarus, or " Krait," of India.

(4) Hoplocephalus, or Tiger snakes, etc., found in Australia.

(5) Pseudechis, or Black snake, found in Australia.

(6) Acantliopliis, or " Death adder," found in S. Africa and Australia.

(7) Elaps, or " Coral snake," found in West Indies and Brazil.

The Hydrophidse include—(1) Hydrophis, (2) Enhydrina, (3) Pelamis,

(4) Platurus, (5) Aipysurus.
The poisonous Viperine snakes are divided into-

—

(1) Viperidae, or true vipers.

(2) Crotalidge, or pit vipers.

The most important of the former are

—

(1) Daboia, or " Tic-polonga," " Eussel's viper," of India and Ceylon.

(2) Echis, or " Fursa," of Northern India.

(3) Cerastes, or " Horned viper," of Egypt.

(4) Pelias, or " Common adder," of Europe.



240 SNAKE-BITES AND POISONOUS FISHES

Of the latter

—

(1) Crotalus, or " Ptattlesnake," of America.

(2) Botlirops, or " Fer de Lance," of W. Indies.

(3) Halys, of India.

Geographical Distribution.— Poisonous snakes are found in all

tropical areas, except certain oceanic islands, and in most temperate ones,

New Zealand being a marked exception.

Each region has, however, distinctive characters.

In Asia and Africa the cobras, hamadryads, kraits, and true vipers are

most abundant.

In America the Crotalidse.

In Australia the pit vipers are not at all represented. Krafft states

that twenty-one innocuous and forty-two venomous snakes occur there,

but of the latter only five are dangerous to man ; these include Ifoto-
cephalus, Pseudechis, and Acanthophis.

In South Africa, chiefly the Acanthophis, or Death adder.

In the West Indies, Maps and Bothrops.

The Mortality from snake-bite in India is very high, being even now
put down as about 20,000 annually, equal to about 1 to 10,000 of the

population.

In Australia the death - rate proportionately is considerably less

—

probably, as Martin states, due to the people having a much better

knowledge of what to do.

The most deadly snakes in India, according to Fayrer, being in order of

severity of action—(1) Cobra, (2) Kraits, (3) Daboia, (4) Echis.

In Australia Hoplocephalus curtus, H. superous, and Pseudechis are the

worst. The sea snakes rarely attack man, though so common in Australia

and waters of the Far East.

Anatomical Characters.—The " true vipers " are distinguished by
their triangular-shaped head and constricted neck; the scales on the head

are generally small, the loreals (scales between the nasal and anterior

ocular) are almost always wanting. The pupil is vertical ; the fangs are

tubular, large ; reserve teeth being present, but no others are found on the

short maxillary bones ; the tail is rapidly attenuated.

The " pit vipers " have triangular heads, but with large scutes on the top
;

otherwise, as in the true vipers, the poison fangs are very large, the maxillary

bones are small and very movable, and the tail ends in a rattle or hard

spines.

The poisonous Colubrine have smaller heads of regular shape ; the scutes

on the top are generally well-marked and regular; the "loreals" are

usually absent ; the maxillary bones are longer, less movable, and the

fangs smaller than in the vipers, and they are grooved along the anterior

border and not tubular. The pupil of the eye is generally round, and the

tail gradually tapers to a point.

The Hydrophidm, or sea snakes, have small heads, with the nostrils

on the upper surface. The anterior frontal scutes and loreals are absent,

the pupils are round, the ventral shields are usually absent, and the tail is

flattened from side to side, the tongue is short, and the poison fangs are

small and grooved.

The great distinction between non-venomous and poisonous snakes is

that the former possess two complete rows of small ungrooved teeth ou

either side of the upper jaw, the outer row, twenty to twenty-four in

number, being attached to the maxillary bones, the inner to the palatine

;

when they bite they leave characteristic marks.
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In poisonous snakes the outer row is represented by one or more tubular

or grooved fangs, firmly ankylosed to the maxillary bone, which is freely

movable ; this mobility allows the erection and depression of the fangs. The
anterior is always the largest, the others, if present, being reserve teeth.

When these snakes bite, they leave usually two punctures only.

The Venom is secreted by a compound racemose gland, which Giinther

describes as being homologous with the parotid glands of mammals, having

large alveoli which act as receptacles for the fluid ; these glands are placed

behind the orbit above the angle of the mouth ; they are invested with a

dense fibrous sheath, being also covered by the masseter muscles. The
excretory duct passes forwards, opening into the base of the sheath of

mucous membrane covering the fang, being here bent at an acute angle, so

as to face the front border of the tooth, thus allowing the fluid to flow freely

down the tube or groove as the case may be. When the snake opens its

mouth to bite, the muscles act on the maxillary bones and erect the fangs

;

as the jaw closes on the part bitten the masseter and pterygoids compress
the poison glands so that the venom is forced down the duct into the tooth

and injected into the wound. The firmer the hold obtained, the greater the

quantity of venom injected, and the greater the danger.

Non-poisonous snakes also have rudiments of this gland, which secretes

a poison not in sufficient quantities to be harmful, but sufficient to render

them resistant to the toxic effects of other poisonous snakes when bitten.

(Fraser.)

In 1896 Prof. Fraser asserted that the serum of poisonous snakes

possesses antitoxic powers, and presumes that this was acquired by the

snake swallowing its own venom. Cunningham later disproved this,

showing that the natural immunity of the snake is quite distinct from
the artificial immunity, which is established in other animals as the result

of continued cumulative treatment by cobra venom, and that it is un-
connected with any material of the nature of an antitoxin. He found that

cobra serum had no antidotal effect on Daboia venom ; he does not there-

fore believe that the immunity of snakes is due to the swallowing of their

own venom.
The fact, however, remains, that most reptiles and amphibians possess a

high degree of resistance as a natural property, quite independent of any
process of self-protection. One of Cunningham's snakes readily resisted an
amount of cobra venom enough to kill one hundred fowls, yet its serum had
no protective power ; its blood indeed was highly toxic for one week after,

enough to rapidly kill a fowl when injected.

The immunity of snakes to venom of other and the same species is not

absolute though general, for I have seen a Daboia russelli in captivity

attack a second in the same cage, which was found dead soon after. Also
any one who has seen a fight between a hamadryad and a rat snake
" Dilantin " of equal or larger size will remember the gradual poisoning of

the latter, which nevertheless meanwhile inflicts much local injury on the

less powerfully toothed but successful adversary. A species of Bungarus
or " krait " of Scinde will kill and swallow the very venomous " fursa " or

Echis carinata. Cunningham further believes that the degrees of suscepti-

bility to some extent run parallel with the respiratory acquirements, the

slow-breathing, hybernating reptiles and lizards having the greatest resist-

ing power. The mongoose is remarkably resistant to cobra poison, requiring

from 10 to 25 times as much venom per kilo as a rabbit to produce
lethal effects. Elliot believes that the success of this animal in fighting

cobras depends on (1) its great agility, (2) its habit of " setting up " its fur,

VOL. xi 16



242 SNAKE-BITES AND POISONOUS FISHES

thus deluding the snake as to the vulnerable part. Its immunity is due to

the habit it has of seizing the snake by the head, and often by so doing
incising the gland with its sharp teeth, causing the venom to escape and be

swallowed by the mongoose ; this would also reduce the possible amount to

be injected down the fang. Then there is the inoculation of minute
quantities of venom from repeated, but ineffectual, scratch-bites. In these

ways a partial immunity, which is hereditary, is established, becoming lost

in time if the animals be removed to countries where cobras do not exist.

Other creatures are slightly immune, as pigs and guinea-fowl; the latter,

according to Calmette, being to a slight degree protected by having large air

sacs. It has lately been shown by Calmette and others that the resisting power
to venom becomes greater the larger the animal ; thus it takes a much smaller

dose of venom proportionally, volume for volume, to kill a rabbit than a

dog, man being even more resisting.

Venom is obtained pure from the different poisonous snakes by either

making them discharge the fluid direct into a watch-glass, this being
assisted out by gentle pressure applied to the poison glands, the snake being
held in the hand with its head directed away from the operator as described

by Calmette ; or the venom may be obtained by causing the snake to bite

at a watch-glass covered with gutta-percha, the fluid collecting on the under
side. The venom should be taken from a fasting snake every two weeks or

so. From a good -sized cobra about 2-3 c.cm. is the average quantity
obtained by Calmette, after which he generally artificially feeds the snake.

The venom thus collected has much the same appearance in all snakes

—

a limpid fluid of yellowish colour ; from the cobra it is a faint yellow, that

of the hamadryad being a golden yellow ; it has a slightly acid reaction and
an average specific gravity of 10 '50 ; a bitter taste is said to be present in

the venom of the cobra, but not in that of the Daboia. When the venom is

placed under the microscope nothing should be seen except a few epithelial

cells and perhaps some contaminating bacteria. When kept moist it

gradually becomes more acid and decomposes, forming a coagulum, the fluid

part remaining poisonous.

Venom, when dried at a moderate temperature, 20° C, forms reddish-

yellow or brownish-yellow crystalline scales, or it becomes agglutinated
into little masses like gum-arabic. When thus dried and kept in the dark
it retains its toxic powers indefinitely. The dried residue equals in weight
about 20-30 per cent that of the moist venom. If the venom be heated at

once after collecting, to a temperature of 100° C, its toxic effect becomes
impaired, and also if it be exposed to light.

The poisonous properties of all venoms depend upon the presence of at

least two distinct toxic proteids. These proteids are similar to other

albumoses produced from albumens, which may have been obtained by
(1) Boiling under high pressure.

(2) Gastric and pancreatic digestion through the agency of a ferment.

(3) The direct vital activity of cells.

(4) By certain micro-organisms, as Bacillus diphtheria?, B. tuberculosis,

and B. anthracis ; by means of a ferment in the case of diphtheria, but by
the direct action of the other two.

The proteids of venom are elaborated by a process of dehydration of

albumen, without the action of any ferment by the epithelial cells of the

poison glands, the ultimate product stopping short at the albumenose stage,

not proceeding to the production of peptones as occurs in all the before-

mentioned, except the toxin produced by diphtheria (Sidney Martin). In
all cases, however, these albumoses, though differing greatly in intensity of
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action, yet when gaining access to the blood produce certain toxic effects,

hence the antitoxic principle which now underlies the treatment of snake-

bite, etc. The poisonous properties of peptone are becoming much more
recognised through the work of Prof. Wright and others ; it is an im-

portant fact to deal with in the preparation of antitoxic and prophylactic

serums.

It has been shown by Martin and Gavan Smith that when dried venom
is heated, it separates out into an albumen coagulated by heat, 70°-80° C,
and a nitrate non-coagulable at any temperature, its action being, however,

destroyed by boiling.

It has been further shown by Calmette that the albumen thus coagulated

out has little toxic power, but that the filtrate, when dialysed out in a

current of sterile water for twenty-four hours, gives a solution which, on
being dried in vacuo, forms a brownish amorphous powder forty times more
toxic than ordinary venom.

The amount of the coagulable and non-coagulable proteids varies in

amount and proportion in different classes of snakes ; thus in the Colubrine

there is a large amount of non-coagulable poison, in the Viperine there is a

very considerable quantity of the coagulable ; on this difference depends to

a large extent the variation of the symptoms produced by individual snakes.

This is nevertheless only one of degree, as the toxic effects of the non-

coagulable poison are very much the same in all, acting principally on the

nerve centres, producing death by paralysing the respiratory centre in the

medulla. The coagulable proteid acts chiefly on the blood-vessels and
heart, being a powerful local irritant.

Cobra poison, which, as before stated, is rich in the non-coagulable pro-

teid, kills by producing asphyxia, the heart beating after respiration has

stopped ; hence the use of artificial respiration in the treatment.

Eattlesnake venom is rich in the coagulable proteid, producing disas-

trous effects on the blood-vessels and heart.

Australian snakes show a good deal of both, and have an intermediate

action.

Sir Joseph Fayrer found that cobra venom killed without destroying

the coagulability of the blood, whilst Daboia (viper) poison caused complete

and permanent fluidity, the blood of the animals so killed being excessively

toxic.

Cobra poison produces little change in the pupil, Daboia widely dilates
;

salivation is a constant symptom of the former, rare in the latter.

When experimenting with venoms, Calmette and others at Lille use

only the non-coagulable proteid, by which means they get rid of the intense

local reaction of the second proteid, and as the chief toxic properties are in

the former, the physiological effects of the venom are better thus watched.

He also at once mixes up the venoms of all his snakes, from the sum total

of which he obtains his dried toxin for experimental purposes.

It has been found that the non-coagulable filtrate of all venomous
snakes, whether Viperine or Colubrine, has, when injected, the same
characters and gives rise to the same symptoms.

The rapidity of the onset and the severity of the case depends on
whether the virus is injected direct into a vein or into the subcutaneous
tissue. It is rarely absorbed by healthy mucous membranes, but Fayrer is

strongly adverse to the practice of sucking cobra bites. Also recently

ejected venom acts as a powerful local irritant when applied to the con-

junctiva, and may be absorbed.

The question of absorption and the neutralisation of venom by the
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various secretions of the body is of great interest, having been specially

studied by Prof. Fraser and Capt. Elliot, I.M.S.

Martin states that gastric digestion does not affect cobra or Pseudechis

venom. Mitchell says it does that of the rattlesnake. Fraser found that

snake venom introduced by the mouth was not followed by any bad results.

This was either due to non-absorption or to chemical changes produced

there by the gastric secretions. The latter was disproved by finding that

after removal it still retained poisonous properties when injected into the

blood. He next found that by mixing bile with the venom it was rendered

innocuous.

Elliot has since, by experiments on dogs, proved that after diverting the

bile completely, venom given by the mouth was still innocuous, but that if

introduced into the small gut, it was rapidly absorbed through an unbroken
epithelial surface, causing death. He concludes

(1) That cobra poison can be absorbed through the mucous membrane
of the small gut, though not so readily as when injected in the subcutaneous

tissues.

(2) That some change is induced in the swallowed cobra venom before

it reaches a rapidly absorbing surface.

(3) That though bile is powerfully antidotal, as proved by Fraser, yet it

is not the only protective agent.

(4) That tripsin is very powerful in reducing the lethal properties of

cobra venom. Martin states that all venoms are destroyed by pancreatic

digestion.

The result of all venoms is at first to produce a rapid fall in the blood

pressure, during which the animal may die ; if not, the blood pressure again

rises, going above normal, as occurs after the injection of toxic peptones.

In cobra poisoning the blood pressure may remain high until the time of

death, even during the asphyxial period ; if artificial respiration is then

efficiently carried out, convulsions are prevented and life may be saved.

Lauder Brunton and Fayrer concluded that, besides paralysing the reflex

activity of the cord, the poison acts on the nerve endings in the muscles

like " curare." In the poisoning by vipers and Australian snakes, the

dyspnoea and fall of the blood pressure occur together ; but though pro-

ducing the same paralysis of the reflexes of the cord, they do not especially

select the respiratory centre. In these cases, therefore, artificial respiration

is usually of little avail.

The action of venom on the blood has been shown by Martin and
Halford to cause a rapid destruction of the red corpuscles, the leucocytes

being relatively increased in numbers, these very quickly degenerating,

their vital activity being destroyed. Martin placed two small pieces of

sponge antiseptically in the abdominal wall of a guinea-pig, one having

been soaked in a neutral saline solution containing 1 per cent of venom,
the other in the solution free from venom ; oedema occurred around the

sponge containing the venom. After five hours the animal was killed.

Both sponges were withdrawn, hardened, and sections made from them.

In the first, healthy leucocytes were only found at the periphery, broken

down ones filling the interior ; in the second, the whole was permeated with

healthy phagocytes.

Calmette, from his experiments, finds that the venom does not act

directly on the nerve-cells of the brain, but on the leucocytes, and that it

is carried by them to the bulbo-medullary centre.

The rapidity with which venom acts depends on

(1) The quantity injected.
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(2) The rapidity of absorption.

(3) The condition of the snake at the time of the bite.

(4) The susceptibility of the animal ; the personal factor, as pointed out

by Elliot, being very important.

A minimum lethal dose always takes a considerable time to produce its

results, and, as the amount injected is generally small, there is frequently

time to apply remedial measures.

Calmette gives the toxicity of venoms according to their virulence,

based on the number of grammes of an animal killed by one gramme of

poison, as

Cobra, . 4,000,000.

Hoplocephalus, 3,450,000 (4,000,000 Martin).

Pseudechis, 800,000 (2,000,000 „ ).

Common Viper, 280,000.

Sir J. Fayrer believes that a full dose of venom from a cobra, hama-
dryad, krait, or Daboia is necessarily fatal. It is only in cases where an
amount little above the minimum lethal dose has been injected that

remedial measures are of any use.

The effects of Heat and Chemical Agents.—A temperature of 100° C, if

prolonged, will modify or destroy any snake venom, even after the removal
of the coagulable proteid.

A 10 per cent sol. of caustic potash or soda, after being in contact five

or ten minutes, diminishes the poisonous properties of the virus.

A 1 per cent sol. of pot. permang. destroys one part of venom when in

contact, but its action is unreliable.

Hypochlorite of lime, 1 in 60 of water freshly made up, destroys the

venoms completely, as also does 1 per cent of chloride of gold. The latter

two are the only ones recommended by Calmelle, and are generally accepted

now as being the best.

Symptoms.—These are very varied according to the character of the

snake and the amount of venom introduced, but depending greatly upon
the presence or absence of the coagulable proteid.

Cobra.—If the amount injected be very large, death may follow very

rapidly as if from shock—due to paralysis of the cardiac ganglia. When
introduced in smaller quantity, and slowly absorbed, it produces some local

redness and oedema, with progressive weakness and general paralysis, but

showing a great preference for certain centres, particularly those governing

the tongue, lips, and larynx, causing inability to swallow and profuse

salivation ; respiration is rapidly extinguished with or without convulsions,

and finally the heart stops, the pupil is contracted but reacts to light, the

urine is never albuminous. If the symptoms pass off, complete recovery is

rapid. "When the poison is injected in a maximum lethal dose, stimulation

of the centre produces violent convulsions, especially respiratory spasms,

followed by general paralysis and rapid death.

European Viper.—Very quickly after the bite there will be local pain and
swelling of the part, with general prostration, feeble pulse, perhaps passing

into a condition of semi-coma or delirium, with slight convulsions. Eecovery

is generally rapid, though local suppurations not infrequently follow.

Daboia and Indian Vipers.—In these there is marked local inflamma-

tion at the seat of the bite, with swelling of the limb, great pain and
haemorrhages. Violent convulsions soon set in, but not necessarily followed

by general paralysis and death. The paralysis does not especially select out

the respiratory organs as in the case of cobra poisoning. The breathing has

a peculiar irregular character, being at first quickened, then slowed. Heemor-
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rhages from the mucous membrane are common, haematuria and albumin-
uria being almost always present. The pupils are generally dilated and
insensitive to light.

Rattlesnake.—The symptoms following the bite of one of these snakes

are much like those produced after a bite from the Indian vipers, except that

the local symptoms are more marked, general symptoms of blood poisoning

being after a short time evident. Eecovery from an almost hopeless con-

dition is sometimes extraordinarily rapid.

Australian Snakes.—In these, according to Martin, local pain and
swelling of the part bitten is not generally severe. The constitutional symp-
toms come on from a quarter to half an hour after the bite, with faintness,

drowsiness, and prostration, the pulse gets thready, respiration becomes very
slow, haemorrhages and albuminuria are generally present, the comatose

condition gets deeper and deeper, respiration stopping, then the heart.

Sea Snakes.—Although all these are poisonous, they rarely attack man.
I have seen scores taken by careless sailors on the north-west coast of

Australia, etc., without any bad results. Several instances of fatal bites

have been recorded, one having caused death in 1| hour.

The most fatal period after all bites appears to be between two and three

hours ; more than 25 per cent die between one and three hours.

Treatment.—When a person has been bitten by any snake supposed to

be venomous, the first and very important measure is to prevent the entrance

of the virus into the general circulation. As the part bitten is generally

one of the extremities, this may often be done by applying a tight ligature

at once between the part bitten and the trunk ; the second point is to re-

move or counteract the virus as soon as possible, suck the wound to extract

the poison, cut the part out or cauterise freely, then wash the wound well

with hypochlorite of lime = 800 parts of chlorine to one of lime, or inject

8-10 cm. of the same in the track of the bite ; this destroys the venom in

situ, neutralising that not yet absorbed, or a solution of chloride of gold

would act equally as well.

Inject 10 to 20 c.c. of antivenine if obtainable into the subcutaneous

tissue of the flank, or if general infection is marked give it intravenously

;

after this has been done the ligature may be removed. One should also

promote warmth, stimulate the circulation, and carry on artificial respiration

if necessary. If no antivenine is to be had, give stimulants freely.

Half the number of fatal cases are stated to die from fear, not having

the heart at the time to apply any remedial measures (Krefft).

Serum Therapy

The analogy between certain toxins produced by pathogenic micro-

organisms, as diphtheria, tetanus, etc., and the products of snake venom,
together with the effects that they produce on most mammals, led to the

belief that some antitoxin might be prepared for the latter, which would
give protection against the virus. In spite of the opinion of Sir J. Fayrer

and others that any idea of finding a physiological antidote was Utopian,

it has to a great extent been actually accomplished : the preparation and
dispersion of a most valuable antitoxin is now being carried on in large

quantities by Professor Calmette of Lille and his assistants. There is also

to be a special laboratory, under the care of Major Semple, to supply this

antivenine on the spot for the use of India. 1

History.—Sewall in 1886 experimented on pigeons. By very gradual and

1 This laboratory is now in active existence.
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repeated injections of rattlesnake poison, he produced in them very marked
resisting powers to that poison.

Cunningham, by experiments at Calcutta, found that though a fowl may
be immunised against cobra bite by repeated injections of the virus, yet

that it was not then protected from Daboia poison and vice versa, in contra-

distinction to the statements of Calmette and Fraser, that an animal im-
munised to cobra poison was also immune from all other snake venoms—

a

doctrine quite contrary to Behring's law, " that the action of an immunising
serum is specific."

Phisatrix, Bertrand, and Calmette advanced knowledge a step further.

Experimenting with rabbits and the venom of vipers, cobras, etc., they found
that not only were they able to immunise the animal itself, but they also

found that the serum of these animals had distinct antitoxic powers if

administered within an hour of the ingestion of the venom, causing what
would have been a lethal dose to be less so or non-effective.

Professor Fraser in 1895 administered large doses of cobra venom into

the stomach of a cat, producing no poisonous effects on it ; but the cat was
found to be immune to the poison when given hypodermically, and that its

blood serum had antitoxic properties. He also found that its kittens

acquired protection through the milk supplied by the mother.

Snake men are believed to acquire a certain amount of immunity by the

repeated inunctions of small doses of venom on the hand, or, in Africa, by
eating the head of the snake—at least that is a common opinion held in

South Africa. Captain Elliot, I.M.S., from his recent observations in India,

brings forward evidence to favour the following conclusions :

—

(1) That " snake men " in India, as a rule, have no knowledge of acquir-

ing any immunity, but trust to their own intimate familiarity with the

habits of the snakes, or to the previous mutilation of them, by removing
their fangs, or sometimes by producing an internal fistula from the poison

gland into the mouth.

(2) That afew do practise swallowing venom or the inunction of venom
into the limbs.

(3) That they confine their work entirely to the cobra, the Daboia being
very irritable, uncertain, and not at all amenable to their charming.

Calmette has shown that the antitoxic properties present in the serum
of animals immunised against venom are not due to the direct action of the

antitoxin on the virus, but that it is exerted through the tissue elements of

the animal. He next proved that by mixing the venoms of various snakes,

including Naja, Daboia, and Hoplocephalus, etc., and removing the coagul-

able irritative proteid, using only the active toxin of the dialised non-
coagulable form, he was able to produce an antitoxic serum (from horses)

which immunised animals and man from lethal doses of any venom,
although each snake venom has per se well-marked toxic peculiarities pro-

ducing several and various local phenomena.
In 1898 Major Semple, E.A.M.C, Captain Lyons, I.M.S., and Staff-

Surgeon Andrews, E.N., under the supervision of Professor Calmette, by a
very complete set of experiments demonstrated that antivenomous serum
could be prepared from horses which had a very high antitoxic power ; that
its preservative action shows itself almost instantaneously when injected

intravenously, but if injected subcutaneously, only after a period of one to

three hours ; that under certain conditions it acts as a vaccine. They also

proved that the duration of immunity so produced is short ; the greater the
quantity of serum injected, the longer this immunity remains. Its principal

characteristic was its rapidity of action and its efficacy against all venoms
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whether from Colubrine or Viperine snakes. They found that this antivenine

is easily kept, as it does not lose its protective properties when heated to

140° F.

This antitoxic serum is prepared in the following manner. Injections

over the shoulder were given to healthy horses subcutaneously of a solution

of dialysed venom in increasing doses for a period extending over months,

generally sixteen, each injection usually producing severe local reaction and
abscesses. When the horse is sufficiently immunised, he is bled from the

jugular, the blood is kept in a dark room for twenty-four hours, after

which the serum is syphoned off, divided up into 10 c.c. bottles; these are

sterilised at a temperature of 10° C. on three successive days, the bottles

being kept in a dark room, as is necessary with all other antitoxic serums.

The serum is useless for therapeutic purposes unless it is able to prevent

death in a rabbit when given intravenously in a dose of 1/5 c.c.

It was found that the antivenine, like the toxin of the venom, is mainly

carried by the leucocytes and not by the serum, for if the effusion from the

peritoneal cavity of a vaccinated rabbit in which peritonitis has been

excited be centrifugalised, the leucocytes which are deposited are found to

possess a high antitoxic power, while the plasma has but little.

If the antitoxic serum be heated above 68° C. it becomes coagulated

and is useless.

The practical results of the late investigations maybe thus briefly stated:

—

(1) That the injection of a sufficient dose of antivenomous serum (10 to

20 c.c.) prevents the toxic action of a lethal dose of venom given later, as

would occur frequently when a ligature was applied above the bitten part at

once, the venom having been kept out of the general circulation until after

the patient had been injected with the serum.

(2) That the injection of a sufficient dose of the serum prevents intoxi-

cation by a lethal dose of venom given subcutaneously he/ore, provided too

long an interval has not occurred, which would include those cases where a

ligature was not employed, or had been imperfectly applied, so that the

poison had gained access to the general circulation.

(3) That as the resistance of man to the toxic action of the venom is

greater as compared with the smaller animals, a much smaller dose pro-

portionally of the serum is necessary to counteract the toxin.

(4) That if the venom has been injected directly into a vein, the result

is always fatal unless the serum be injected intravenously before or at the

same time.

(5) That the serum should be at hand in all districts where snake-bites

are common, and that the inhabitants should be instructed in the advantage

derived from its use
;
particularly as the amount of venom usually injected

by the snake is little above the minimum lethal dose, an interval of one to

three hours being in most cases allowable between the time of the bite and
the injection of the serum.

(6) That when toxic symptoms are already present the serum should be

at once injected intravenously.

(7) That none of the ordinary precautions should be omitted even when
the serum is available.

The following two cases show the efficiency of the serum treatment :

—

One reported by Keatinge and Euffler was that of a girl in Egypt bitten

in the forearm by a snake believed to be a cobra ; she became unconscious

almost at once, and when seen was cold and collapsed with imperceptible

pulse. 20 c.c. of antivenine were injected under the skin of the abdomen,

and three hours after 10 c.c. more ; from that time she gradually recovered.
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The second case is recorded by Eennie. A boy aged eleven in India was
bitten on the right foot by a krait. In three minutes 8 c.c. of serum was
injected into the subcutaneous tissue of the abdomen, hypodermic injections

of pot. permang. being used locally. The boy made a good recovery.
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Poisonous Fish, Diseases and Injuries Attributable to them

The subject of poisoning by fish is one on which there is very little

recent information of any reliable character. Many ill effects in different

parts are frequently put down to the ingestion or even handling of them. It

may be stated, however, with certainty that these are more common in

tropical than in temperate regions, no doubt due to the much more rapid

decomposition of the fish in the presence of heat and moisture, and perhaps
to the fact that as all animal life is more abundant in warm climates, so

the increased competition in the struggle for existence has caused many
fish to have developed peculiar organs having protective and poisonous
qualities. The noxious characters, as far as man is concerned, may be
divided into

—

(1) Toxic effects produced by the poison contained in the fish itself

when fresh.

(2) Toxic effects produced by the ingestion of fish undergoing putrefac-

tion, either before being swallowed, or under certain conditions after it has
been a longer or shorter period in the intestinal canal.
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(3) The introduction into the body of specific pathogenic micro-

organisms through the agency of the fish.

(4) Cutaneous wounds produced by the special armament of certain fish.

(5) Diseases or growths produced by parasites of which the fish is the

definite or temporary host. In the constant investigation of fish markets

for zoological purposes, particularly in the Indo- tropical and Chinese

regions, I have been much impressed by the large number of apparently

dangerous-looking fish that are habitually sold, and the advanced stages of

decomposition which some of them frequently present, yet they seem to be

used for food by the poorer classes habitually.

There used to be an old rule in the Navy that scaled fish were whole-

some, and that fish without scales were not. This, however, is certainly not

altogether correct, as many with large scales, as Sphyrwna, Pagellus, etc.,

are at times markedly poisonous ; others without scales, as the fresh-water

Siluroids, are esteemed as excellent food.

As a matter of fact, poisoning directly due to the consumption of fish

is very rare in the naval service, and also among well-to-do Europeans in

tropical regions.

The toxic properties inherent in fish, as Dr. Gainther pointed out, may
depend on various conditions ; some are only poisonous at certain stages of

growth, others only at special seasons, as at the breeding time ; again, others

are apparently dangerous after they have been feeding on poisonous foods

;

thus most of those beautifully -coloured fish belonging to the families

Squamipinnes and Labridce, which frequent coral reefs and browse on the

polyps of the young growing madrepores, etc., are generally considered to

be dangerous, nevertheless, if these be properly cleaned before cooking,

most may be taken with impunity. French medical officers have pointed

out that many fish at other times wholesome become poisonous in the

breeding season, and every one knows that a spent trout or salmon is very

liable to give rise to gastric disturbance if eaten.

The symptoms of poisoning due to fish fall into two distinct groups

:

(1) true gastro-enteritis with colic and high fever, probably due to a bacterial

infection; (2) nerve symptoms, often commencing some time after the

ingestion of the food, attended by constipation, and various forms of

paralysis, etc., probably due to intoxication from the alkaloid substances

produced during decomposition.

The following fish are credited with producing poisonous symptoms
when taken fresh :

—

(1) Pagellus erythrinus, a " sea bream " common in Indo-Pacific waters,

quoted as nearly causing the death of Quiros, the Spanish navigator, and

also described as poisonous in Cook's Voyages.

Lethrinus mambo in the South Pacific is said to be poisonous when full

grown, but harmless when young.

Many of the Squamipinnes or Coral fish, as before stated, acquire

poisonous properties from their food. These fish are generally gorgeously

coloured, and are like butterflies in the aqueous gardens which they

frequent.

Sphyrcena, or " Barracudas." Their flesh is as a rule eaten with im-

punity, but two species in the West Indies are known to occasionally

produce intense symptoms of poisoning—gastro-intestinal irritation with

pain, vomiting, and diarrhcea, etc., followed by marked prostrations, and, in

a few cases, death from syncope. If the fish is unwholesome, Poe states

that the teeth become blackened at the base, and natives say that if a silver

coin placed on the flesh becomes black, the fish is unfit for food.
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Some of the mackerels frequently cause gastric irritation ; several

species of Thynnus or tunny are stated by G-unther to be poisonous at

times—being red-blooded fish, they are liable to rapid decomposition. The
Garangidos, horse mackerel or yellow-tails, have a very bad name at the

Cape of Good Hope as being poisonous, especially when they are old,

G.falax being the most dreaded. Almost every variety of this genus may
be seen in the market at Aden for sale. After eating poisonous Bonito,

Tunny, and Horse Mackerel, the symptoms are those of mild gastric

enteritis, with urticaria, giddiness, headache, vomiting, and diarrhoea, which
may assume a choleraic form, ending in collapse and death.

Fish of the herring family are undoubtedly very frequently extremely
poisonous. Giinther gives the following list :

—

Glwpea thryssa, the sardine dore of the W. Indies, often causes a rapidly

fatal issue. There is a saying that " if you begin at the head you never finish

the tail." The symptoms are pain, prostration, convulsions, and unconscious-

ness followed by death, sometimes in a quarter of an hour, but generally in

from two to three hours.

G. longiceps, G. perforata, G. venenosa, the three latter from the Indian
Ocean, are all known to have caused intense purging and collapse.

G. humeralis of the W. Indies is stated by Day to have caused death in

a few minutes.

The marine " cat fish " or Siluroids are as a rule too loathsome to ever

be much used for food. They are invariably rejected, if caught, on board
ship, but are, however, constantly seen for sale in the native markets.

Most of the species of Batistes (file fish), Tetrodon (globe fish), and Diodon
(porcupine fish) are rejected as being poisonous ; they are foul feeders, or

live ;'on coral and other zoophites. Two cases are recorded by Sir John
Eichardson of acute poisoning from eating portions of the liver of a

Tetrodon. One man ten minutes after eating it became very ill, with
flushed face, swollen lips, signs of intense gastro- intestinal poisoning,

followed by paralysis, laboured breathing, cyanosis, and death in seventeen
minutes. The second man died in twenty minutes. The whole fish was
not more than eight inches long. Many of the small kinds are constantly

seen for sale in the Bombay market and elsewhere, those from brackish and
fresh water being more wholesome than the marine varieties. Macoy states

that in Australia nearly all cases of fish poisoning are due to eating Arripis
truttaceous, one of the sea perch. This may be sometimes due to decomposi-
tion, but fresh fish also produce unpleasant results in some people, the

symptoms being flushing of the skin, particularly of the face, headache,
vomiting, and a transient eruption, generally followed by rapid recovery,

but a few deaths have been noted.

Murcena punctata, one of the "sea eels," is stated by Eussell to be
poisonous if eaten. Mosso states that the fresh blood of eels possesses

highly poisonous properties, due to the presence of ichthyotoxin, like the

toxalbumens of vipers.

Mussels or other shell-fish, though quite fresh, will sometimes produce
severe symptoms, nausea, vomiting, diarrhoea, syncope, numbness of the
limbs, and eruptions on the skin, with occasionally swelling of the tongue
and mucous membrane of the throat. Those taken from the open sea are

generally quite wholesome, the poisonous properties being derived from the
foul water from which they have been gathered.

(2) Putrefaction of Fish.—This is the most common cause producing
poisonous symptoms.

It is generally due to the action of micro-organisms breaking up the
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proteid substances present into a number of chemical bodies, some of which

are harmless, others being very toxic.

The proteids are first split up into albumenoses, and then finally into

the animal alkaloids known as " Ptomains "
; these latter were first studied

in detail by Selmi, and since then by Breiger, Van Ermengen, Sydney

Martin, and others.

From decomposing fish Breiger isolated the following substances

:

Trimetliylamine, Dimethylamine, Methylamine, Neuridine, Cadaverine, and

Putrescine ; some, as cadaverine and putrescine, are but slightly toxic, others

are extremely so, rapidly causing death.

All " Ptomain " poisons are characterised by the combination of marked

nervous symptoms, with gastro- intestinal irritation, and a tendency to

coma, in which the patient may die. There is also almost always a more

or less prolonged period between the ingestion of the food and the onset of

the symptoms, " the incubation period "
; when this is present the cause of

the poisoning, according to Van Ermengen, is due to the presence of a

special organism, Bacillus botulinus, this condition being known as Botu-

tism. David describes an interesting instance of poisoning by red herrings.

There were five cases, all in one family. Gastric symptoms and obstinate

constipation commencing some days after taking the food, occurred in all,

followed by local paralysis of parts, double vision, and diminished reflexes.

In two the dysphagia was so complete that feeding by a tube had to be

resorted to. The paraplegic symptoms lasted for months, but all finally

recovered.

Breiger isolated an alkaloid named Mytelotoxin, which is not destroyed

by cooking, from the liver of mussels taken from foul water ; this produces

acute symptoms like those of "curare" poisoning, affecting the motor

nerves, being quite distinct from those toxins which induce the gastro-

intestinal irritation symptoms.

The treatment of all cases of Ptomain poisoning is to clear the stomach

and intestines of the irritating substances as soon as possible, to give

stimulants with discretion to counteract the cardiac depression, and where

there is profuse diarrhoea and much pain opiates will be required ; for the

subsequent paralysis, massage and nerve tonics. " Tinned fish " are very

liable quickly to undergo putrefactive changes, especially in hot climates

;

if then eaten, they produce severe symptoms, diarrhoea, vomiting, and

collapse in a few hours, which may last for days or prove fatal.

In tropical climates, where the intestine is so ready under slight

provocation to increased secretion, congestion, or ulceration, one cannot be

too careful in the scrutiny of all tinned fish to be used for food ; it is from

these that on board ship fish poisoning most commonly arises.

(3) The conveyance of specific -pathogenic micro-organisms to man, by

means of oysters, mussels, etc., unquestionably takes place, perhaps more

often than is generally believed.

The spread of typhoid has been distinctly traced to infected shell-fish,

and reported accordingly by many medical officers of health and others. It

is not uncommon in certain well-known localities to find oyster beds on the

foreshore, immediately below the outfall of a sewer, and I have had it stated

to me by a " grower " that in these positions the oysters are fatter and

better in quality than those from more open situations.

Bacteriological examinations have been made demonstrating the presence

of B. enteritidis and B. cole communis, etc.

Legislative measures for removing this evil have been over and over

again brought forward, but so far ineffectually, the interference with the
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oyster industry and restriction of the area for beds being strongly opposed

by a certain section of interested persons.

(4) Poison Wounds caused by Fish.—Perhaps the most widely feared

fish producing cutaneous injuries are the " Sting Kays," belonging to the

order Batoidea. These have one or more sharp barbed spines attached to

some portion of the dorsal surface of the tail; these may cause severe

lacerations when incautiously handling the fish, or when stepping on them
while half hidden in the sand. In the first case I personally came across,

the pain was so intense that the strong, healthy man almost fainted.

There is no poison apparatus connected with the spines, but they are like

poison arrows, being coated with mucus from the surface of the fish, which
has peculiar irritating properties. Another class of fish, the Scorjpcenidce,

are profusely provided with sharp spines on the opercular plates, fins, etc.,

which inflict irregular punctured wounds. Among the very dangerous fish

are Synancea verrucosa and S. horrida, found in the Red Sea and on the

coasts of Africa and India ; in these species the dorsal spines are grooved,

having small poison bags attached, the venom being injected into the wound
by pressure. Injuries from this fish occasionally cause death (Day). The
symptoms vary according to the amount of venom injected ; they are local

pain, increasing and spreading from the wound, with swelling of the part,

lymphangitis and gangrene, attended with convulsions, delirium, and attacks

of syncope.

Other very dangerous fish are the Thalassophryna, of which two species

are known, one in the Pacific, the second in the Atlantic Ocean. These
fish, according to Giinther, possess as perfect poison sacs and tubular spines

as any venomous snake. The poison sacs are attached to the bases of the

opercular and dorsal spines.

In the " "Weavers " Trachinus, common in European waters, the dorsal

and opercular spines have deep double grooves, these being filled with fluid

mucus, but there is no true poison apparatus. "Wounds inflicted by them
are followed by violent inflammation of the injured part.

Many genera of the " cat fish " tribe Siluridai are excessively dangerous
to handle, the dorsal and pectoral fins having very hard serrated bony
spines, which may inflict serious wounds ; in some of these fish glandular
organs are found at the axils of the spines ; the body is covered by an
offensive tenacious mucus, which can readily inflict the wound. Great
numbers are commonly eaten by the lower "castes" in India, they are

therefore frequently caught ; the fishermen immediately cut off the offend-

ing spines, it being rare to see a perfect specimen in the market.
Treatment of Wounds.—These should be enlarged and the blood allowed

to flow freely, or the part may be ligatured above, and the poison removed
by cupping or sucking the wound, then ammonia or spirits of turpentine
may be applied, followed by fomentations, opium being given and stimulants
as necessary. The wounds caused by the serrated spines of rays and cat fish

almost always suppurate.

(5) Fish may act as intermediate or definite Hosts.—An example of the

former is found in Lota vulgaris, which is commonly known to harbour the

larval form of Bothriocephalus lotus (see Cestodes). Congers are said to be
infested with hydatids. A curious case has been described by Dr. Batten,

namely, the fixation of a species of Lepcophtheirus, one of the " Calegidte
"

or fish lice, on to the cornea of a fishmonger (which specimen he kindly
sent to me). These semi-parasitic copepods are very numerous on many flat

fish, moving about actively on the skin some time after the death of the fish.

The saline condition of the ocular conjunctiva, with a certain quantity of
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mucous secretion, render this position particularly suitable for these parasites

if accidentally introduced. It is, however, very rare : I have never heard of or

seen a second case. The parasite was successfully removed, vision not being

impaired.

LITERATURE.—Andrews. Handbook of Pnllic Health, Part I. 1898.—Batten. "Crus-
tacea Parasite on Cornean," Lancet, April 7, 1900.
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As far as the British Isles are concerned, the subject of snake-bite is

generally ignored in medical text-books, or at most is dismissed with a

passing mention. The reason is, of course, that such cases are somewhat
rare, though not more so than some other diseases and accidents that could

be named, and also because the cases that do occur are rarely seen by those

who write text-books, and indeed generally go unrecorded even in the

medical journals. It is the country practitioner in remote districts, who
has probably many miles to travel to see his patients, who now and then
encounters a case, and who has very little time left him for writing up his

observations to current medical literature. It is therefore the more
necessary when a series of cases have come under the notice of a single

individual—as has happened in the last year or two to the present writer

—that these should be compared and recorded.

(a) Species of Serpent involved.—There are only three serpents found
indigenous in the British Isles, and of these three one only is venomous.
This is the adder or viper

(
Vipera herus). Like the other snakes the adder

is absent from Ireland, the Isle of Man, Guernsey, and Sark, but is present

in greatly varying numbers in every county of England, Scotland, and
"Wales. It is the only snake found in Scotland, except in Eoxburgh and
Berwick, where very occasionally the ring snake or grass snake {Tropidonotus
natrix) is met with. Its numbers vary with the nature of the district,

as it retires before the progress of civilisation to the large woods, commons,
heaths, and mountain fastnesses. The adder may be diagnosed from other

species at once by the dark brawn or black zig-zag mark which extends
along the whole length of the back, and by a V-shaped marking at the
posterior end of the head. The adult length is from 18 to 25 inches
as a rule.

(b) Causes of Adder-bite.—The accident occurs in nine cases out of ten
from the person bitten being unaware of the proximity of the reptile. The
natural instinct of the adder is to escape observation if possible. It is only
when absolutely cornered that it makes a deliberate attack—for example,
when in a cage or box, or in some other position from which there is no
escape. The most common ways of sustaining this injury are by stepping
on or near the adder, when it strikes just above the ankle ; by picking up
a stick or other object on the ground, not observing the adder lying at that

spot ; or by sitting down on a warm bank on which the adder is basking.
In all these cases the adder strikes in self-defence. The anatomy of the
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fang and venom gland is similar to that of other viperine serpents, and
need not be described here.

(c) Diagnosis.—As a rule the history is too definite to permit of any
doubt, but in doubtful cases, where the patient was alone and found

unconscious, the presence or absence of the fang punctures must decide the

point. The appearance of these marks is that of severe pin-pricks. In

a case where the patient has been struck by an average-sized adder the two
points of puncture will be from three-fifths to half-an-inch apart. But one

fang only may have been used, or the adder may have struck twice, in

which case the fang punctures will show a corresponding arrangement.

(d) Symptoms.—It is generally stated that the symptoms depend on the

condition of the patient's general health at the time of the accident and on

the heat of the day or the season. The former applies to every accident

that could be named, and has no particular relation to adder-bite. The
latter has, in all probability, very little to do with the result. The
symptoms which follow an adder-bite depend on the dose of venom injected at

the time. Of course a strong man will survive a dose that might prove

fatal to a weakly child, just as he would a dose of opium or any other

poison. " The symptoms, which come on very rapidly, are, pain at the seat

of the wound, sickness, and a feeling of extreme prostration, terminating in

actual fainting and loss of consciousness. In fatal cases death occurs soon

from heart failure. If, however, the dose injected was not so large, or the

venom of the particular adder less potent, the patient recovers consciousness

(or may not actually faint), and a set of secondary symptoms sets in. The
day after the bite the vessels of the arm or leg, as the case may be, become
painful, and the lymphatics stand out as dark lines. The limb becomes
swollen, and the swelling may extend to the body. The patient, in fact,

exhibits all the signs of severe local blood-poisoning in addition to great

weakness of the heart. In some cases the limb shows considerable dis-

coloration of a more or less green colour." 1 Should the case run a

favourable course all these symptoms subside gradually, but it is usually

six or eight weeks before the limb recovers perfect mobility and the patient

feels well. The nervous symptoms exhibit considerable variation in

different cases. Thus there may be little or no mental disturbance, or

the patient may exhibit great terror or delirium. There may or may not be

marked photophobia. The pupils may be dilated. Occasionally there is

slight erythropsia.

The following is the most recent fatal case that has occurred in this

country, reported to me by Dr. Eden Cass, under whose care the case

came :

—

History.—On June 8, 1901, J. Hartley, a little boy aged 4 years and
8 months, was chasing butterflies in a meadow by the side of a small

stream. Walking through a patch of bog myrtle and heather, he said,

" a little frog jumped up and bit him on the right leg." This was between
11 and 12 a.m. He ran home all the way, and when he arrived his face

was a picture of terror. On hearing the child's story his father concluded

he must have been bitten by an adder, and upon removing his stocking

two small punctures were seen about the junction of the middle and lower

third of the right leg. It was nearly 5 p.m. when the doctor arrived, he
living some ten miles from the place of the accident. He found the lad

curled up on two chairs, his face hidden under his arms, and away from the

light. He was in great terror.

Symptoms.—The patient was dull, had been violently sick 10 or 12
1 British Serpents (Win. Blackwood & Sons), p. 129.
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times soon after reaching the house, and the bowels had moved once. His
temperature was normal, pulse slightly quickened, heart sounds normal,

did not complain of any pain, was very thirsty, and the pupils were normal.

On examining the leg there was a small round blue mark about the size of

a shilling, with a well-marked puncture. The second puncture was
obliterated by some tar that had been applied. The leg as far as the knee
was swollen to twice its natural size, was boggy to the touch, and of a dull

white colour with a dark bluish tint under the skin in places. It was very
hot, but not tender. Next morning, after a restless night, the boy was
half comatose. He had been severely purged, and had passed both motions
and urine in bed. He was still very thirsty, temperature normal, pulse

110. He could be roused by shouting at him. The swelling had extended
up the limb as far as the groin, the thigh being the same colour as the leg.

Bright red and blue lines were well marked at the base of the toes on the

dorsal aspect. The pupils did not react well; corneal reflex present.

Next day (June 10), after another restless night, he was quieter, though
occasionally throwing his arms about. He lay with his legs and hips bent,

head flexed slightly on his back, with mouth open. The breathing was
rather quick, temperature normal, pulse very rapid, and heart sounds very
feeble. The eyes were fixed, pupils slightly dilated, no reaction, corneal

reflex slightly marked. He refused nourishment, and was distinctly

moribund. The condition of the limb was improved, no heat, swelling

decreased considerably. The boy died at 2 A.M. that night.

Treatment.—Potassium permanganate was injected into the leg

;

Liq. Strych. given hypodermically ; brandy, amnion, carb., and digitalis

internally.

The disadvantages in this case were the great distance from medical

aid, allowing time for the full absorption of venom into the system, and,

secondly, the youthful age of the patient. Three adders were seen at the

spot where the accident occurred a day or two afterwards when the uncle

went to see it. The patient was a healthy, sturdy little fellow.

Eeference to the literature given below will enable the reader to

compare the above with cases in adults that have recovered under prompt
treatment.

LITERATURE.

—

Gerald Leighton's British Serpents, 126-139 ; British Medical Journal,
July 15, 1893 ; July 29, 1893 ; July 20, 1901 ; August 17, 1901.
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Somnambulism. See Sleep.

Spasm.
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By muscular spasm is meant an unusually prolonged or recurrent, and
often excessive, contraction produced irrespective of the will. Spasm
may be either tonic or clonic, and may affect either voluntary or in-

voluntary muscle.

Physiology.—Contractility is an inherent birthright of protoplasm, and
therefore of muscle, and a muscular contraction produced by means of a
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nervous stimulus is but a sudden heightening of its normal tonus, or so-

called physiological tone. This tonus, ever varying in degree, is largely

dependent upon a constant succession of nervous impulses reaching the

muscle from its trophic centre, nerve cells in the spinal cord or medulla,

and is therefore dependent in turn on varying neural tonus, but not

entirely so. Involuntary muscle may continue to contract rhythmically

when severed from all nervous connections, as seen in the excised heart

muscle of tortoise. Again, circulating poisons may affect muscular

irritability directly, and not by way of the nervous system, as veratria,

ergot, and digitalis, or in the rapid onset of rigor mortis after death from
cholera, or in an animal hunted to death.

Cramp, or painful spasm, the irregular tetanic contractions pressing on
intra-muscular nerve-endings, and thus producing pain, may be due to

circulating toxins produced within the body, as is seen in the cramps met
with in diabetes, tetany, and in ursemia.

%
Cramps may be bacterial in

origin, as from the toxines of tetanus or hydrophobia, or they may be due
to poison absorbed from without—organic, as in ergotism, or metallic, as in

lead poisoning. Cramp, again, may result from fatigue, the irritable state

of the muscle perhaps depending on local accumulation of metabolic

products.

Anaemia of muscle, again, may so heighten its irritability as to produce
spasm or cramp, as is seen in the nocturnal cramps in the legs that ansemic

women are liable to. In this case the spasms are not relieved by extension

of the limb ; but getting out of bed, by the assuming of the erect posture,

improves the blood-supply to the limbs, when the cramps will pass off.

The same variety of painful spasm or cramp is seen in some cases of

progressive arteriosclerosis, or endarteritis obliterans, the condition being
named by Charcot " Claudication intermittente." I have seen precisely

the same condition in the calf muscles after popliteal thrombosis of both
legs, in which the exertion of walking a hundred yards always brought on
painful cramp in the calves, though nothing was noticed while sitting or

moving quietly about the house. This is explained by the increased

contractions of the gastrocnemii in the effort of walking, demanding the

physiological increase of blood-supply necessary for a muscle in action,

yet denied to it by the insufficient collateral circulation developed after

the popliteal thrombosis, thus producing a relative ansemia of the muscle.

The same pathology explains the painful cramp of the heart muscle in

angina pectoris, attacks being induced either by diminution in calibre of

coronary branches from vasomotor spasm, or from progressive atheroma
suddenly diminishing the blood-supply to certain territories of heart
muscle, or by exertion or emotion calling for more frequent contractions

without the corresponding dilatation of coronary vessels to supply the
hard -worked muscle, the failure of dilatation being due to arterio-

sclerosis, or vasomotor spasm, or to a combination of these causes.

Congenital peculiarities of the muscle fibres may also result in transient

spasm at the commencement of a movement, as . in Thomsen's disease. I

have also seen persistent tonic spasm with hypertrophy of both sterno-

mastoids in a case of pseudohypertrophic muscular dystrophy producing
double wryneck, or retraction of the occiput with protrusion of the chin.

Spasm is, however, largely reflex in origin in almost all cases, and the
excessive stimuli reaching the muscles and causing them to contract

depend in turn upon afferent impulses running centripetally from the
muscles themselves, the skin, joints, mucous membranes, etc. That this is

so may be shown by the flaccidity and apparent total paralysis produced

VOL. xi 17
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in a limb by section of all the posterior roots that conduct afferent im-

pressions from it to the spinal cord.

Muscle tonus, therefore, is in part dependent on the conditions affecting

the muscular substance directly, but more so on 'the varying tonic stimuli

reaching it from its spinal nerve centre. These latter are again dependent
on conditions directly affecting the nutrition of the nerve cell itself, toxic or

otherwise, and to a large extent on stimuli reaching the nerve cell from other

neurons, stimuli received from the peripheral skin, joints, etc., and especially

from two important sources, the cerebral cortex and the cerebellum.

Lesions may be irritative or paralytic, and it is to be expected, therefore,

that diseases affecting either the muscles directly, or the peripheral nerves,

the spinal centres, or the cerebral or cerebellar cortex, or their conducting

paths to the lower medullary and spinal centres, should in certain cases

produce excessive muscular tonus or spasm, and in others diminution of

muscle tonus or flaccidity. As examples of simple reflex spasm from
irritation of peripheral nerves may be quoted spasm of the adductors of

the glottis due to a foreign body in the larynx, trismus from carious teeth,

renal and biliary colic from calculus, and rigidity of the abdominal muscles

in peritonitis, diaphragmatic pleurisy, appendicitis, etc. Stimulation of

the peripheral nerves generally increases the muscle tonus in the corre-

sponding segment, as is seen in the increased knee-jerk produced by
rubbing the skin over the vastus internus, though, on the other hand,

painful stimulation of the periphery may sometimes diminish tonus, as is

' seen in cases of persistent violent ankle clonus, which can be arrested by
forcible painful flexion of the great toe. Impairment of the conducting

power of the sensory nerves, by preventing afferent stimuli from reaching

the spinal nerve centres, tends to abolish muscle tonus, as is seen by the

loss of knee-jerk in peripheral neuritis and in tabes, which latter is often

characterised by marked hypotonia. While afferent impulses reaching the

spinal nerve centre from the periphery tend to heighten muscle tonus,

those reaching it along the pyramidal tracts from the cerebral cortex are of a

twofold nature. Tonic impulses from the cortex appear to inhibit muscle
tonus, as seen in the increased knee-jerk when the attention is distracted by
gripping with the hand. Similarly, paralytic lesions of the hemisphere are

followed by rigidity with increased deep reflexes, while irritation of the

cortex as in meningitis may abolish the knee-jerk. On the other hand,

intermittent explosions of nerve force in the Kolandic area so stimulate

the lower spinal centres as to produce spasm and convulsion. While the

cerebrum has thus a crossed control on muscle tonus of the opposite side

of the body, the cerebellum, conversely, appears to exert an uncrossed

effect, partly through Deiters' nucleus and the descending antero-lateral

tract, and opposite in kind to that of the cerebral hemispheres. Thus,

tonic impulses from the cerebellum appear to increase muscle tonus,

causing rigidity, while intermittent explosive stimuli from the cerebellar

cortex produce the opposite effect, viz. relaxation. As an illustration of

this fact, we may quote the results obtained by Horsley and Lowenthal
after removal of both cerebral hemispheres in the dog and cat, when active

extension tonus of the limbs is obtained. Sherrington names this condi-

tion decerebrate rigidity, and states that the spasm is so great that a cat

in this condition placed on its four feet will remain so for several days.

Hemisection of the spinal cord, or of the bulb just above the pyramidal

decussation, abolishes this rigidity on the same side, proving that this

excessive tonus is the result of an uncrossed influence. Horsley and
Lowenthal, moreover, found that when this decerebrate rigidity has been
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produced by removal of both cerebral hemispheres, faradic stimulation of

the upper surface of the cerebellar hemisphere caused immediate relaxation

on the same side, the tonus being immediately re-established on shutting

off the current. The uncrossed influence previously referred to is,

therefore, almost certainly the tonic impulses proceeding from the

cerebellar cortex, increasing muscle tonus and causing rigidity, while the

intermittent explosive stimuli from the cerebellum cause relaxation, being

the opposite effects to those due to the cerebral cortex. All forms of

spasm are diminished during sleep.

Varieties of Spasm.—Spasm may be either tonic or clonic. Its varieties

may be classified under five headings— (1) Organic, (2) Toxic, (3) Keflex,

(4) Functional, (5) Hysterical.

1. Spasm, either tonic or clonic, may be produced by various organic

lesions of the cerebral cortex and its pyramidal fibres, the medullary and
spinal nuclei, and of the motor nerves, and the lesions may be either

irritative or paralytic. When discussing the physiology of spasm we
referred to the part probably played by the cerebellum in producing the

late rigidity of hemiplegia, and of paralysis agitans, which may be looked
on as a form of double hemiplegia, yet there is little clinical evidence to

show the effect of irritative or paralytic lesions of the cerebellum in

producing spasm. Irritative lesions of the cerebral motor cortex, causing

intermittent explosive discharges of nerve force, such as a tumour or

localised patch of softening, cause spasmodic muscular clonic contractions

of the type familiar to us as Jacksonian convulsions. These may be
limited to one limb, or the face on one side, or may become general.

Paralytic lesions of the cortex or of the internal capsule are followed after

a few weeks by a condition of spasm, most intense in the most paralysed

part, known as late rigidity, which is permanent. The destructive lesion

may be actual loss of substance from injury or operation, or the result of

haemorrhage, thrombosis, or embolism, or tumour, or of pressure from
hydrocephalus. The late rigidity may be combined with recurring clonic

convulsion, as in post-hemiplegic epilepsy, or in tumour in the Rolandic
area. The spasm of late rigidity is a tonic contraction affecting the
flexors of the arm and hand mostly, and the extensors of the leg. This
tonic muscular contracture eventually leads to actual contracture or

muscular shortening. This is easily to be distinguished from the lead-pipe

contraction of hysterical spasm, in which the spasm of the flexors of the

fingers is just as marked when the wrist is flexed as when extended, while
in hemiplegic late rigidity flexion of the wrist abolishes the rigidity of the

fingers. "When hemiplegia has been acquired early in life, the spasm of

the hand is not infrequently associated with slow, irregular movements,
known as mobile spasm, and the severer forms as athetosis. Most usually

it affects the hand, sometimes the whole arm, and sometimes the foot.

The movements are occasionally very severe, and are intensified by volun-
tary movement. The lesion, most commonly due to softening from
vascular occlusion, may be cortical or capsular, or even basal. The most
severe case I have met with was in a woman of 35, who had a severe

fall at the age of three years, the movements being first noticed three or

four years later. There was considerable right hemiplegia of arm and leg,

with paralysis of the left third nerve, the lesion being apparently situated

in the crus. In her case the movements ceased entirely during sleep,

though it is said that they may continue in slight degree. Lesions of the

nuclei in the pons, medulla, and cord may also give rise to both irritative

and paralytic spasm, though less commonly than supranuclear lesions. In
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three cases I have seen trismus from spasm of the masseters and temporals

so marked in cases of infiltrating gliomata of the pons and medulla, that

the mouth could not be opened with any reasonable force, the spasm being

no doubt due to irritation of the motor nuclei of the fifth nerve. Facial

spasm is sometimes probably due to irritation of the nucleus, and spasmodic

torticollis is no doubt sometimes due to overaction of basal nuclei.

Laryngeal crises in tabes must also be due to explosive discharges in the

vago-accessory nucleus, causing the adductor spasm.

Irritation of the motor nerves also may cause spasm. For example,

tonic and clonic facial spasm may be caused by pressure of a cerebellar

tumour on the nerve ; in the condition known as ophthalmoplegic migraine,

in which there are attacks of severe headache associated with recurrent

paralysis of the third nerve on one side, after the paralysis of the levator

palpebrse has become persistent between the attacks, yet during the attacks

there may be clonic convulsion of the levator palpebrse, causing the eyelid

to flash up and down. This phenomenon is no doubt due to irritation of

the third nerve, as in reported, cases there has been found to be pressure on

the third nerve from exostoses or thickening of the membranes at the base.

Instances of spasm from irritation of motor nerves are by no means
common, though it is a frequent result of irritation of sensory nerves.

Tonic spasm, and frequently clonic contractions also, is an invariable sequel

of facial paralysis of moderate severity, causing the palpepral aperture to

appear smaller on the paralysed side, and the naso-labial fold deeper. This

first begins to appear after three months from the onset of the paralysis,

and increases gradually during several months. In severe cases of facial

paralysis in which the recovery of voluntary power has been only slight,

the additional contracture produced by this means is of great cosmetic
' value in restoring the apparent symmetry of the face, and may be un-

hesitatingly allowed for in the prognosis, if the nerve lesion is not a

complete one, care being taken to remember that in the severest cases, in

which the paralysis is absolute and remains so, there is no resultant

contracture either. According to Gowers, this late spasm is the result of

changes set up in the nucleus secondary to the nerve lesion, whereby there

is tonic overaction, the breaking down of normal lines of resistance between

the different parts of the nucleus permitting the too easy spread of dis-

charges of nerve energy, whereby there is overaction of all the muscles on

the paralysed side seen in slight movements. These changes are easily

discernible in the facial muscles, but it is much more difficult, if not

impossible, to make out this change in the limb muscles. Contracture of

the antagonists of the paralysed muscles in neuritis, poliomyelitis, and in

all cases in which the attachments of a muscle are brought permanently
nearer together, should not be considered as cases of spasm, inasmuch as the

shortening is due to physiological changes in the shape of the muscle

brought about by the permanent approximation of its attachments.

2. Instances of spasm due to the effect of toxins acting directly upon
muscles have been given in ergot, veratrine, and digitalis. The poisonous

element in ergot causing muscular contraction appears to be the sphacelinic

acid and cornutine, which act on involuntary muscle, especially the muscular

coats of the arteries, the uterus, and intestines. Veratrine and digitalis

both act also directly upon the muscular substance of the heart, the period

of contraction being very markedly lengthened by green hellebore. In

chronic ergot poisoning muscular contractions and convulsions result from

the action of the poison upon the spinal cord. Spasm of the legs with

paralysis, or spastic paraplegia, also occurs in two other forms of grain
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poisoning—pellagra, produced by musty maize, and lathyrism, which is the

result of disease affecting the chick pea, or lathyrus sativus. Tetanus,

tetany, and strychnine convulsions are instances of spasm produced through
the agency of poisons affecting the spinal centres and nerves.

3. Spasm frequently occurs refiexly through irritation of sensory nerves.

Irritation of the fifth nerve from carious teeth or a dental abscess may
cause severe trismus or sometimes facial spasm. Joint inflammation

may similarly cause spasm of muscles, preventing the joint from being
moved, as is seen in arthritis of the temporo-maxillary joint . causing

trismus. Painful spasm of the bile duct, ureter, and bladder are only

too frequent results of irritation by calculus, as is also retention of

urine from spasm of the sphincter vesicae following operations about

the rectum. Blepharospasm, or tonic contraction of the orbicularis

palpebrarum, is associated with photophobia due to conjunctivitis,

phlyctenular and other corneal ulcers. The afferent loop of the reflex arc

in these cases is the fifth nerve, and the reflex spasm is not due directly

to the light. Blepharospasm has indeed been recorded from corneal

ulcers in a blind eye. Light falling on the retina rarely produces
blepharospasm refiexly, though photophobia may be associated with optic

atrophy, and unilateral blepharospasm be due to slight diplopia. Spasm of

the ciliary muscle is not unfrequently met with in children, the subjects

of hypermetropia. This form of spasm should perhaps be included in the

next section amongst the group of occupation neuroses, or fatigue spasms.

4. Clonic blepharospasm or twitching of the orbicularis palpebrarum is

an instance of functional spasm more frequent in neurotic subjects, started

sometimes by mimicry, but very difficult to cure. It is sometimes called

convulsive tic, and is allied to other habit spasms, such as clonic contraction

of the zygomatici or frontales, wrinkling of the eyebrows, sudden jerking

movements of an arm, or sniffing. A curious spasmodic cough, known as

•the barking cough of puberty or cynobex hebetis, is also a form of habit

spasm. Clonic contractions of the diaphragm, producing hiccough or

singultus, is also sometimes functional in origin, though it may at other

times apparently be started by irritation of the visceral branches of the

vagus nerve.

Paramyoclonus multiplex, or myoclonus, was originally described by
Friedreich as clonic spasms in symmetrical muscles of all four limbs,

ceasing during sleep and during voluntary movements. Further observa-

tion of cases has shown, however, that the spasms may affect the muscles
of the trunk, and even of the face, in something less than half the number
of cases. The ocular muscles always escape. Generally the muscles are

affected symmetrically on the two sides of the body, sometimes only parts

of muscles, the spasms being shock -like, and not necessarily always
synchronous or rhythmical. In severe cases, co-ordinated movements,
such as walking, may be much interfered with, and in a certain proportion

of cases epileptic fits also occur, the muscular spasms being generally worse
immediately preceding the fits. Several members of the same family may
be affected, males being much more frequently affected than females.

There is generally complete absence of any trophic symptoms, and there is

usually no alteration of sensation. The deep reflexes are generally

increased. The disease is most likely to be confounded with chronic chorea,

convulsive tic or habit spasm, and hysteria. From chorea, the symmetrical
affection of the muscles in myoclonus, and the grouping of the affected

muscles not resembling the pseudo-voluntary movements of chorea, should
suffice to distinguish the disease. In Electric Chorea or Dubini's
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disease, the acuteness of the onset, with pyrexia, followed by muscular
atrophy and loss of electrical reaction, should prevent its being confounded
with paramyoclonus. Myoclonus runs a very chronic course, and though
temporary cure may be met with, relapses are common. Death is usually

due to intercurrent disease.

Nodding Spasm, head nodding or spasmus nutans, is a condition met
with in young infants, due to clonic contractions of the deep cervical

muscles, producing salaaming or nodding movements of the head. It is

generally found associated with nystagmus, often of one eye only, and the

children are often rickety. It is not of any serious import.

In idiopathic epilepsy the stages of tonic and clonic convulsion in the

fit are really instances of functional spasm—functional in the sense that no
lesion has been found to account for them, though they no doubt depend on
instability of nutrition in certain areas, causing periodic explosions of

nervous energy, often started by reflex causes. For the same reason the

rigidity of paralysis agitans may be looked on as functional spasm, inasmuch
as no lesion has yet been discovered in the nervous system which can
adequately account for the disease. This rigidity, affecting the muscles of

the trunk, face, and limbs, and indeed almost all the muscles of the body,

is perhaps the most characteristic feature of the disease, and has been
supposed by Hughlings Jackson to depend on cerebellar influx into parts

normally controlled by the cerebrum ; the weakness being really due to a

double hemiplegia of very gradual onset, often more marked on one side at

first, due to some chronic nutritional change affecting the nerve cells of the

motor cortex, too fine, perhaps, to admit of microscopical demonstration.

Spasmodic torticollis is another example of functional spasm, sometimes
purely tonic, though more often a combination of tonic and clonic spasm of

the rotators of the head. Torticollis may be produced by very different

causes, and care must be taken to distinguish the spasmodic form from
wryneck due to rheumatism of the neck muscles, cervical caries or enlarged

glands, congenital shortening of the sterno-mastoid from birth injury, and
hysterical torticollis. I have also known it occur in tabes, and to accompany
the extensive paralysis following thrombosis of the basilar artery. In this

latter case the torticollis was towards the left, as it generally is in the

functional cases, while the paralysis of the arm and leg was most marked
on the right side, with intense rigidity. During every effort of conversation

there were marked clonic movements of the head towards the left shoulder.

Other lesions at the base, such as tumour and meningitis, may also cause

torticollis and retrocollic spasm. An important group of cases presenting

functional spasm as a symptom are the occupation neuroses, or fatigue

spasms, such as writer's cramp (see article on "Occupation Neuroses").

5. Hysterical spasm may affect a single group of muscles, or the whole
trunk and linibs may be in a condition of intense rigidity, known as

catalepsy. Hiccough may occur as a hysterical manifestation, and I have
seen stiffness of the neck muscles, with the risus sardonicus, trismus, and
tonic rigidity of the abdominal muscles, with some opisthotonos, an almost
exact mimicry of tetanus, produced in hysteria. Hysterical spasm, though
functional in the sense that no lesion can be found to account for the

symptoms, differs from those forms spoken of above as functional in being
more distinctly dependent on neurotic causes, in being more quickly

established, and in being more easily and quickly cured by moral treatment
and suggestion. There is a large variety of cases which can be conveniently
classed as hysterical, and which it is certainly advantageous to separate

from those included above under the term functional. There can be no
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objection to the term "hysteria" so long as its Greek derivation is not

included in the pathology of the disease and it is remembered that its

manifestations occur in men as well as in women. The following case is

a typical example of hysterical spasm. A young man, set. 23, was doing

some carpentry work on a building. About four o'clock in the afternoon

he cut his left hand on the palm near the wrist with a piece of broken

glass. It bled a good deal, and he stated afterwards that he was rather

nervous about it, though he did not cease work, and went home at six

o'clock as usual. While having supper at eight o'clock he noticed that the

little finger of his left hand was becoming flexed into the palm ; this was
soon followed by similar flexion of the ring finger, and later on in the

evening by the remaining fingers. By one o'clock in the morning he was
so alarmed at the condition of his hand that he came to St. Mary's Hospital,

where it was found that all the fingers of his left hand were tightly clenched

into, the palm, the thumb outside the index finger, and that there was
considerable anaesthesia of the whole hand. Next morning when I saw
him his hand was in the same condition of rigid spasm of the fingers, and
there was complete ansesthesia to all forms of sensation over the whole

hand as high as the wrist, ending sharply at the level of the joint. The
spasm resisted all attempts to unclench the fingers, but strong faradism

applied to the hand dissipated all the spasm and ansesthesia in less than

two minutes. Other cases of hysterical spasm which have either been

allowed to persist untreated or have resisted treatment may remain in

tonic contracture for years, until organic shortening of the muscles from

permanent approximation of their attachments takes place.

Diagnosis.—If the cause of the muscular spasm is not obvious, reflex

causes of irritation of peripheral nerves should always be carefully sought

for, the joints in the neighbourhood of the affected muscles examined, and
any possibility of a toxic origin inquired into. The chief difficulty usually

lies in distinguishing functional and hysterical spasm from that due to

organic disease of the nervous system. The presence of muscular atrophy

<?r of any increase or loss of the deep reflexes on one side, which cannot be

sufficiently otherwise accounted for, will be of the greatest value in

diagnosing an organic lesion. The peculiar spasm of the legs in spastic

paraplegia can be distinguished from hysterical paralysis by the fact that

in the latter when traction is made upon one limb the other does not follow

it, whereas this occurs in spastic paraplegia of organic origin owing to the

fixation of the lower extremities to the pelvis by tonic muscular contraction.

An extensor plantar reflex, true ankle clonus, incontinence of the sphincters,

girdle pain, optic atrophy, and nystagmus will all be of assistance in

diagnosing a spinal or cerebro-spinal lesion. In hysterical paralysis of the

legs the plantar reflex is often absent, and in many cases the curious

irregular distribution of the spasm, paralysis, and anaesthesia present, which
it would be impossible to account for by any organic lesion, will often give

the clue to a correct diagnosis of hysteria. It should never be forgotten,

however, that organic disease may be present in addition to hysterical

symptoms, and the presence of the latter may have ; been evoked by the

real disease, which thus may be overlooked.

Treatment.—Hysterical spasm should be treated generally upon the

same lines as other hysterical manifestations, by isolation from depressing

surroundings or too sympathising relatives, by massage, douching, and by
faradism. The aim of the treatment is so to react on the higher centres

as to enable the volitional power of the patient to regain its proper sway.

For this reason faradic treatment will have more chance of success in



264 SPECTEOSCOPE IN MEDICINE

dissipating hysterical paralysis if the patient has had no previous experience

of the battery, and if the treatment is applied fairly sharply, after he or

she has been reassured as to the good effects the treatment will have. For
this reason in hospital I prefer to treat a case of hysterical paralysis in the
electrical room, where the patient is confronted with strange surroundings

and a large battery, than to take a smaller battery up to the ward, where
the surroundings are more familiar and the atmosphere generally more
sympathetic. In such cases it is the moral effect of the severe treatment
in stimulating the sensorium which effects a cure, not the actual electricity.

Organic spasm should be treated by massage and by sedatives, as.

bromide. Occasionally opium is of service, though care must be taken in

its use. The constant current applied to the part is sometimes of great

benefit, and should be given with the anode over the seat of spasm, and a,

large plate for kathode on the spine. This treatment, with the addition of

small doses of opium, may sometimes considerably reduce the spasm in

spasmodic torticollis. The rigidity of the arm and leg following hemiplegia

is usually considerably benefited by the sinusoidal current together with
massage. This is very easily applied where the alternating current is.

used for electric lighting, by using a simple transformer or volt-regulator,

and connecting it up to two electrodes placed in a foot-bath and arm-
bath respectively, in which the patient places his paralysed foot and forearm
for twenty minutes daily. Facial spasm following neuritis is most
persistent, and is best treated by gentle massage. Electricity perhaps does

more harm than good in these cases after spasm has become established.

Habit spasm of the face or convulsive tic should be treated by the

administration of arsenic and iron, with occasional sedatives administered

beforehand if the patient has to expose himself to any excitement. In
children habit spasm can often be cured by change of scene and general

surroundings, and the promise of reward for each day passed without
any spasms is likely to do good by its constant restraining effect on the

cerebrum. Punishment is worse than useless. It should also be borne in

mind that habit spasm in the young is occasionally the result of self-abuse,

and requires appropriate treatment.

Spasmus Nutans, tfee Head Shaking.
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Preliminary Physical Considerations.—Viewed from the physical stand-

point light consists of waves in a medium called the ether which fills

space. In the waves of light the motion of the particles is transverse to

the direction of propagation of the disturbance. During the interval of

time necessary for a complete vibration, the wave motion propagates itself

through a distance known as the wave length (A). The velocity of light is-
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the distance traversed by the wave motion in one second, and in a vacuum
is constant for light of all wave lengths. It is measured by the ratio of

the wave length to the period of vibration. The wave length determines
the quality or colour of the light. It is longest for red light, and succes-

sively shorter for orange, yellow, green, blue, indigo, and violet light. From
these facts it also follows that the period of red light is longer than that of

violet, the intermediate colours having intermediate times of vibration.

The velocity of light in its passage through a glass prism is less than in

vacuo, and also depends upon its wave length. The shorter the wave
length of the light transmitted the greater is its retardation. In conse-

quence, light of shorter wave length is refracted to a greater degree than that

of longer wave length. Mixed light containing light of different wave
lengths may therefore be decomposed into its constituents by means of a

glass prism. The process of decomposition is known as dispersion, and the

coloured band resulting from the decomposition of mixed light by a glass

prism is termed a spectrum. The instrument used for the analysis and
examination of light is known as a spectroscope. Eays of homogeneous light,

i.e. light containing a series of waves of one wave length, undergo deviation on
passing through a prism, but are otherwise left unaltered. When the enter-

ing and emergent rays of homogeneous light are symmetrically placed with
reference to the refracting surfaces of the prism, the deviation is minimal.

Description of the Spectroscope.—Various types of spectroscope are

in use. The form used by Bunsen and Kirchhoff consists of the following

parts—three tubes, a collimator, a telescope, and a scale-tube placed hori-

zontally with their long axes directed towards the centre of a circular plate,

upon which an equilateral flint glass prism is placed with its refracting edge
vertical to the axes of the tubes, and parallel with the slit of the collimator.

White light, obtained from one of the sources to be mentioned later, falls

upon a narrow slit placed in the principal focus of a lens situated at the

end of the collimator nearest the prism. The rays of light diverging from
the slit are thus rendered parallel, and fall obliquely upon the anterior

surface of the prism. The continuous spectrum resulting from the passage

of the rays through the prism is viewed by means of a telescope. The
telescope consists of an anterior lens directed towards the prism which
forms a real inverted image of the spectrum. By means of the eye-piece

of the the telescope an enlarged secondary virtual image of the spectrum
is viewed by the observer. Fine cross wires are present in the eye-piece of

the telescope in order to enable one to localise different parts of the spectrum.
The axis of the scale-tube is placed approximately at right angles to

that of the telescope. The photographed scale, consisting of numbered trans-

parent vertical lines on an opaque background, is placed at one extremity
of the scale-tube, and lies in the principal focus of a lens situated at the

end of the tube next the prism. The rays of light diverging from the
illuminated scale are rendered parallel by means of this lens, and then fall

upon the post surface of the prism, whence they are reflected into the

telescope tube. By means of the telescope an image of the scale is formed
in the same plane as that of the spectrum, but situated above it. The
scale and spectrum can thus be simultaneously brought into focus by the

observer. The spectroscope should also be provided with a rectangular

comparison prism placed over the lower half of the slit of the collimator.

The light coming from a source placed at right angles to the axis of the

collimator falls vertically upon one of the surfaces of the comparison prism,

undergoes total reflection at the hypotenuse, and emerging vertical to the

third surface, which lies in apposition with the lower half of the slit, passes
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through the collimator. The upper half of the slit is illuminated by a

source of light placed in the direction of the long axis of the collimator.

By this means two spectra, situated one above the other, may be examined
simultaneously. It is important to remember that, owing to the optical

construction of the spectroscope, the spectrum yielded by the light passing

through the lower half of the slit when viewed by the observer is seen

above that yielded by the light passing through the upper half of the slit.

The width of the slit may be varied by means of a micrometer screw. The
narrower the slit the fainter and purer is the spectrum obtained ; while

the wider the slit, the brighter but less pure the spectrum. It is desirable,

but not essential, that the edges of the slit should move symmetrically to

the median line. In some instruments the slit is divided into an upper
and a lower half, the width of each of these being independently adjust-

able by means of micrometer screws. "When provided with the latter

mechanism, together with an adjustable slit in the . eye-piece, the instru-

ment may also be used as a spectrophotometer. In some forms of the

instrument— spectrometers— the scale - tube is replaced by means for

accurately measuring the angular displacement of the telescope when it

is directed towards different parts of the spectrum. Some types of the

instrument are fitted with both these means of measurement.
Another useful type of the instrument is the direct vision spectroscope.

The construction of this instrument is based upon the principle that by
using a combination of flint and crown glass prisms it is possible to produce

dispersion of mixed light without deviation for some ray of definite refrangi-

bility. The form of this instrument most frequently used is a small pocket

spectroscope. The addition of a comparison prism is desirable. In some
of the more recent types of small direct vision spectroscope a scale for

localising different parts of the spectrum is also present. Larger forms of

direct vision spectroscope are also made having a collimating lens, and a tele-

scope which may be rotated so as to view different parts of the spectrum.

Prisms of quartz or rock salt are to be preferred to those of flint glass

for the study of the spectrum in the ultra-red and ultra-violet regions.

Where these are used the lenses must obviously be of the same material.

Classification of Spectra.—Spectra may be divided into two classes

—emission and absorption' spectra. The emission spectra may be sub-

divided' into continuous and discontinuous spectra. Solid non- volatile

substances heated to white incandescence send out rays of all refrangi-

bilities, and therefore yield a continuous spectrum. Gases or vapours,

when at a sufficiently high temperature, emit light of definite wave lengths,

and therefore yield discontinuous spectra, which appear to the observer as

coloured lines or bands. The position, grouping, and intensity of these

lines or bands are determined by the nature of the substance emitting the

light, and by the temperature to which it is raised. The spectroscope has

been used in this way for ascertaining the rapidity with which lithium
reaches different parts of the animal organism after subcutaneous injection.

The study of absorption spectra has yielded results of much greater

importance in medicine. The substances which show selective absorption
for different regions of the continuous spectrum may be in the gaseous,

liquid, or solid state. It has been found that at a relatively lower tempera-
ture vapours and gases absorb light of the same wave length which at a

higher temperature they emit. It is to this selective absorption of rays
of certain wave lengths by the atmospheres of the sun and earth that

Fraunhofer's lines owe their origin.

For the study of the absorption spectra of pigments in the solid form,
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the light reflected from or transmitted through the pigment when trans-

parent may be examined. In the pigment granules certain rays of the

white light are absorbed ; while the others are reflected from the surface

and determine the colour of the substance. On examining with the

spectroscope light reflected from the surface of the nail, one. can observe

the bands o'f oxyhemoglobin (Plate, Fig. 2, p. 368, vol. ix.) If a ligature be
then tied round the base of the digit, and after a short time the reflected

light be again examined, the spectrum of reduced haemoglobin will be seen.

The most important application of the spectroscope in medicine is to

the study of the light transmitted through solutions of the pigments derived

from the animal organism. A brief account of this subject must therefore

be given.

Method of Using the Spectroscope in the Study of Absorption
Spectra.—The sun, a luminous gas flame, incandescent burners, the lime-

light, and the electric light yield approximately white light. Any one of

these may therefore be used as a source of light. Before studying the

absorption spectra of solutions of pigments, it is necessary to set the scale

and prism in position ; and secondly, to standardise the scale if it be an
arbitrary one. For the reduction of the readings on the arbitrary scale

to wave lengths an interpolation curve is necessary.

The scale must be so placed that it extends throughout the whole length of the
spectrum, and with D line (or double line) coincident with one of the lines on the
scales usually marked 50 ; while the prism must be placed in the position of
minimum deviation for the D line. The chlorides of the metals given later are
then introduced into the non-luminous flame of a Bunsen burner, and the position
of the bright lines in their emission spectra on the arbitrary scale ascertained.
The positions on the scale of the chief Fraunhofer's lines in the solar spectrum
should also be ascertained by spectroscopic examination of a beam of sunlight.
The following table gives the wave lengths of the lines in the emission spectra of
some of the metals, together with the wave lengths of the chief Fraunhofer's
lines. The wave lengths, \ are expressed in millionths of a millimeter
(i.e. '001m or 1mm). For medical spectroscopy the statement of the wave lengths
in Angstrom's units ('1mm) is unnecessary. Potassium chloride, X 768 ; A, X 762

;

B, X 687. Lithium chloride, X 670'8 ; C, X 656'3 ; a, X 627'3. Lithium chloride
(orange), X 610 l

3 ; D, X 589"3. Thallium' chloride, X 535 ; E, X 527 ; b, X 518'3
; F, X 486.

Strontium chloride, X 460'7
; d, X 438'3 • G, X 430'8. Potassium chloride, X 404*4;

H, X 396 8.

In order to convert the position of absorption bands on the scale into
position expressed in wave length, an interpolation curve may be constructed
in the following way. Along the upper margin of a sheet of paper divided into
millimeter squares, the numbers of the arbitrary scale are written according' to
some fixed standard of measurement, varying with the dispersive power of the
instrument used ; while the wave lengths from X 400-X 800 are marked along a
vertical margin, each millimetre on the paper being made to correspond to 1 or
2fifi wave length. The position on the arbitrary scale of the chief Fraunhofer's
lines and the lines of the emission spectra already given are marked along the upper
or scale margin. Through these fixed points vertical lines are drawn to meet
horizontal lines drawn from the corresponding wave lengths on the marginal
scale. The points of intersection of the vertical with the horizontal lines are then
connected by a curve, the interpolation curve. In order to ascertain the wave
length corresponding to any point on the arbitrary scale, it is only necessary to

find out where the ordinate from the cori'esponding point in the diagram cuts the
interpolation curve. The figure on the vertical margin at that horizontal level

gives the corresponding wave length. For more complete details reference must
be made to works on spectroscopy or on physical optics.

Spectroscopes are also made with a scale on which the wave lengths of absorp-
tion bands may be read dh^ectly. To set the scale of such instruments the D line

is made to coincide with X 589"3 of the scale.

Cells or troughs, with parallel glass or quartz sides 1 cm. apart, are used for

containing the solutions, of pigments to be examined. For examining the light

passing through different fixed depths of layer, a vessel may be employed in which



SPECTEOSCOPE IN MEDICINE 269

the distance between the parallel glass walls may be varied. Hermann's ha?mato-
scope may be mentioned as a type of this form of cell. The same end may be
attained by the use of wedge-shaped glass vessels.

Description of the Absorption Spectra of some Pigments of
Importance in Medicine.—Absorption spectra may be divided into three

classes. The first type is that in which there is general absorption without
distinct absorption bands. This absorption may be unilateral, involving

either the red or the violet end of the spectrum, or it may be bilateral, in-

volving both ends of the spectrum while the intermediate rays are trans-

mitted. Urochrome and bilirubin may be given as examples of this class.

The second type of absorption spectra is that showing more or less

definite absorption bands within the visible spectrum. The spectra of

pigments belonging to this group may also show more or less general
unilateral or bilateral absorption. The type of spectrum showing general
absorption is in some cases a banded spectrum in which one margin of the

band is situated in the ultra-violet region. For a complete account of the
absorption spectra of the pigments in the animal body reference must be

made to text-books of physiology. A brief description of the spectra in

the chart which Dr. G-arrod has given in connection with his article on
animal pigments (vol. ix. p. 368) must here suffice.

Spectrum 2 shows the absorption bands of oxyhsemoglobin. The
spectrum of carbon oxide hsemoglobin closely resembles it. On careful

examination both bands of carbonic oxide hsemoglobin are found to be
shifted a little nearer the violet end of the spectrum. Spectrum 3 is that

of reduced haemoglobin obtained by the action of weak reducing agents,

e.g. ammonium sulphide on solutions of oxyhsemoglobin. The spectrum of

carbonic oxide hsemoglobin is left unchanged by the action of ammonium
sulphide. These facts are important for the detection of carbonic oxide
poisoning.

Figure 6 shows the spectrum of acid hsematin ; while Figure 7 shows
that of hsematin in alkaline solution. Spectrum 5 is that of hsemo-
chromogen which may be obtained by the reduction of alkaline hsematin
with ammonium sulphide. Very dilute solutions of this pigment show a

well-marked spectrum. It is consequently of much importance for the
detection of blood stains. Figure 8 is the spectrum of hsematoporphyrin
in a solution containing free mineral acid ; while Figure 9 shows the absorp-
tion bands of the same pigment in alkaline solution. Figure 1 shows the
spectrum of lutein in ethereal solution. Figure 10 shows the spectrum of

urobilin in acid solution. Figure 11 shows the spectrum of uroerythrin.

Figure 4 gives the spectrum of methsemoglobin.

In conclusion, the influence exerted by the thickness of layer examined,
the concentration of the solution, and the nature of the solvent upon the
spectroscopic characters of the pigments may be briefly discussed.

The thicker the absorbing layer examined, or the greater the concentra-
tion of the solution, the darker and broader do the absorption bands appear.
In still thicker layers several absorption bands may become fused into one,
and in very thick layers the whole of the spectrum may be absorbed with
the exception of light in some particular region. The spectrum of oxy-
hsemoglobin may be taken as an example. When light transmitted
through a thick layer of a solution of oxyhsemoglobin is examined spectro-
scopically, part of the red end of the spectrum will be seen. On examining
a somewhat thinner layer a narrow band of green light appears. Between
the red and green regions a single broad absorption band is present. On
examining the light which has passed through a still thinner layer, this
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absorption band is found to have become resolved into the two bands
shown in Figure 2.

A full consideration of the laws of the quantitative absorption of light

would involve a discussion of the principles of colorimetry and spectro-

photometry. For the literature of this subject reference must be made to

the bibliography.

The influence exerted by the solvent on the character of the absorption

bands may be physical or chemical. As a general rule the greater the

dispersive power of the solvent the nearer are the bands shifted towards

the red end of the spectrum. In the description of the absorption spectra

shown in the chart on page 368, vol. ix., several examples illustrating the

influence of the chemical reaction of the solutions on the spectroscopic

character of the pigments have already been given.

The consideration of the third type of spectrum, namely, that showing
sharply defined absorption lines, may be omitted ; as none of the known
pigments of the animal organism belong to this class.

LITERATURE.—Article on "Pigments," vol. ix. of this work.—See also the literature

given at the end of that article.

—

Macmunn. The Spectroscope in Medicine.— Text-book of
Physiology, edited by Schafer, vol. i.

—

Hermann's Handbuch der Physiologie, Bd. iv.

—

Vierordt. Die Anivcndung des Spectralapparates zur Photometric der Absorptionsspectra.—
Kruss. Kolorimetrie unci quantitative Spectralanalyse.—Neubauer and Vogel. Analyse des

Hams, edited by Huppert, 1898, pp. 680-694.

Speech, Disorders of. ^Aphasia.

Spermatic Cord. See Scrotum.

Spermatorrhoea.
The term connotes the escape of seminal fluid when involuntary and
incontrollable, as distinguished from the escape of seminal fluid which
results from masturbation or coitus.

In many instances, the escape of seminal fluid is a physiological event.

Thus in men who practise continence, the nocturnal escape of seminal fluid

at variable intervals of time is a perfectly normal occurrence, but it is a

matter of difficulty to state what should in general be the shortest period

of time intervening; between the nocturnal emissions. If the intervals be

not less than ten or twelve days, nocturnal emissions should not be

regarded as pathological unless there be definite reasons to lead one to form

a contrary opinion. In other cases there may be an escape of seminal fluid

during the act of defsecation, considerable pressure being exerted upon the

seminal vesicles during this act, particular]y if the individual suffer from
constipation. Seminal emissions are to be considered as pathological when
they recur at brief intervals of time, especially when the escape of seminal

fluid takes place with little or no erection associated therewith, and when
the individual at the same time experiences no sensation of pleasure. The
most frequent cause of such abnormal seminal emissions, in other words of

true spermatorrhoea, is undoubtedly a long-continued habit of masturba-

tion (q.v.), as a result of which debility of the nervous system is induced.

Aman addicted to this habit may consequently be said to suffer from
sexual neurasthenia (q.v-.), and in such individuals seminal emissions are

induced by slight and trivial stimuli.

In certain cases of spermatorrhoea, the condition is aggravated by some
localised source of chronic irritation-— phymosis, chronic gonorrhoea,

chronic prostatitis, chronic cystitis, and intestinal parasites. In other

cases spermatorrhoea is merely a symptom of some organic disease of the

central nervous system, transverse myelitis for example.
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The ill effects of spermatorrhoea are manifested by enfeeblement of
muscular and mental power ; by inability to undertake arduous or prolonged
mental work, by mental depression, lassitude, dyspepsia, and ill -defined

pain in the lumbar regions.

Treatment.—The most satisfactory results are obtained by treating the
psychical and general condition of the patient. Benefit is likely to result

if one can induce the patient to desist from masturbation, and can impress
on him the fact that his trouble is curable and of no grave significance.

The patient should lead an active life, taking a considerable amount of out-

door bodily exercise, so that at the close of the day he experiences a well-

marked sensation of muscular fatigue. Gymnastics provide a substitute

for outdoor exercise when the latter is not obtainable. The patient should
be instructed to rise immediately on awaking in the morning, to empty his

bladder, and to take a cold bath. Cold sitz-baths are also useful. His diet

should not be restricted in amount, but all indigestible and stimulating
articles of food must be avoided. Alcohol is only to be taken in small
amount, and the patient should be directed not to take a large quantity of
fluid late at night. Constipation, if present, must be corrected. Attention
should also be directed to the patient's mental state. His mind should be
fully employed with some healthful occupation, he should be encouraged to

desist from all sexual thoughts, and as it is essential that he obtain sound
sleep, it may be necessary to give a hypnotic at bedtime. The administra-
tion of drugs is, however, to be avoided as far as possible. Arsenic, iron,

strychnine, and quinine are useful in some cases, harmful in others ; the
bromides,hyoscyamus, or other sedatives are not as a rule required in the treat-

ment of the case. Any source of local irritation, whether it be a phymosis,
chronic urethritis, or other condition, should receive appropriate treatment.

When spermatorrhoea is due to organic nervous disease, some benefit

may accrue from the employment of such treatment as indicated above, but
improvement is in these cases a strictly relative term.

Sphygmograph. See Pulse.

Spina Bifida.
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Spina bifida is' a congenital defect in the development of the spinal
canal, and inasmuch as it may exist without any associated tumour, the
term ought actually be kept distinct from meningocele. The defect in the
spine, however, is so generally coupled with a hernial protrusion of the dura
mater and arachnoid, and of the cerebro-spinal fluid, and, perhaps, of the
cord itself, that the term spina bifida has come to suggest the existence of
the more serious defect. Spina bifida, then, almost implies the existence of
a meningeal tumour.
A vertebra is developed from three centres of ossification, two for the

laminse and one for the body ; these centres appear at the end of the second
month of fcetal life. Extending backwards and inwards, the lateral bony
plates eventually fuse together in the root of the spinous process. But the
laminse may just fail to meet, in which case there results a narrow fissure
in the situation of the spinous processes ; this constitutes a simple and
unimportant variety of spina bifida. But if the growth of the laminse be
arrested about half way, a wide gap results—as happens normally at the
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lower end of the sacral region. In another class of cases the laminae

incline outwards, instead of backwards and inwards, leaving the cavity for

the spinal cord merely an open furrow.

When the deficiency in the neural arches is considerable, the spinal

membranes, with more or less of their contents, usually protrude and form a

soft tumour in the middle line of the back, the tumour being comprehen-
sively termed a " spinal meningocele."

Causation.—As to what may be the exact cause of the arrest of develop-

ment it is impossible to say. It is quite likely that in some instances it is

an increase in the amount of cerebro-spinal fluid within the spinal canal,

for the condition is often associated with hydrocephalus. But this would

Fig. 1.—Myelocele. Posterior view of the lower part of the trunk of a foetus at term affected with spina bifida.

A, Foramen leading from the outer surface of the protrusion to the central canal of the cord. B, Central
or chief part of the protrusion. (Shattock.)

not suffice to explain every variety of the defect—that in which the spinal

cord itself remains open and imperfect. Spina bifida and meningocele are

simply the result of an arrest of development, just as are hypospadias

and syndactylism (vol. ii. p. 434), for the occurrence of which no satis-

factory explanation has hitherto been advanced.

The commonest situation of spina bifida is in the lumbo-sacral part of

the spine, in which region, it may be remarked, the laminse are latest in

joining. The defect may exist, however, over any part of the canal, from

the sacrum to the occiput, several or many of the vertebras being implicated.

The tumour is necessarily situated in the exact median line, and when it is

flat and inconspicuous a recollection of this fact is very useful, and may
serve to prevent an incautious operator involving himself in unpleasant or

serious consequences.
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Complications of Spina Bifida.—Arrest of development in one part of the

body is often associated with arrest of development in some other part ; so

the infant with spina bifida is apt to be miserably small at birth, with,

perhaps, an imperforate anus, or extroverted bladder, or a cleft palate, and

then, or at a later date, he may be the subject of a hydrocephalus. The

serious implication of the nerve-elements may determine paraplegia and

various deformities of the legs and feet.

In some cases the integument over the meningeal sac is normal in

Fig. 2.—Meningo-Myelocele. Dissection of the parts concerned in a lunibo-sacral spina bifida, showing the
typical anatomical disposition in cases of meningo-myelocele. A portion of the sac-wall has been cut away
to show the interior. A, Surface of cord, covered with arachnoid exposed by the removal of dura mater:
B, dura mater entering into the formation of the sac-wall ; C, arachnoid lining the sac ; D, lower portion
of the spinal cord crossing the interior of sac ; some of the nerve-roots pass forwards upon it, towards the
intervertebral foramina. The other nerve-roots arise from the posterior wall of the sac in a vertical series

and traverse the space horizontally. B, Falciform process continuous with the pia mater separating the
anterior and posterior roots of the nerves of the left side. (From Report in the Clinical Society's Trans-
actions, vol. xviii.)

appearance, but in others it is represented entirely, or in patches, by a thin,

translucent epiblastic film, which looks as if it were ready to give way at

any moment. And often it does so rupture with, usually, a fatal result.

When the sac of a meningocele or of a myelo-meningocele contains a

good deal of fluid, gentle compression of the tumour causes the fontanelles

to bulge. And when the intracranial tension is increased by the infant

crying, some of the cerebro-spinal fluid is thereby displaced from the

cranium and forced into the meningocele, which thus becomes more full and
tight. And in some cases the surgeon can cause a fluctuation, by gently

vol. xi 18
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compressing the tumour with one hand, whilst the other is over the

anterior fontanelle.

Varieties of Spina Bifida

1. Myelocele.—The spinal cord is developed from the cells of the medul-

lary groove of the epiblast by the medullary ridges curling backwards to

meet in the middle line. Thus the earliest spinal cord is a cellular tube

blended with the epiblast, but in due course mesoblastic plates growing

inwards separate it from the overlying skin. In these plates the laminae

of the vertebrae are subsequently developed (Figs. 3 and 4).

If the medullary ridges duly blend together, in the cervical and dorsal

regions, for instance, but fail to meet in the lumbar region, the medullary

groove of the embryo cord is left fully exposed. It is covered with

indefinite epiblastic cells, and is seen to be narrowing upwards into a funnel-

like communication with the central medullary canal (Fig. 1, p. 272).
" When fresh this area is of a bright-red colour and resembles a nsevus."

The red surface is soft and vascular ; it is also raw-looking and moist,

the epiblastic cells of the open medullary groove having become detached

from its surface.

This species is termed a myelocele ; it " is fairly common, but it is very

rare in museums, because it does not produce a tumour in the loin, and is

then regarded as atypical, and is cast away." I agree with Mr. Bland-

Sutton in regarding this as a common variety of spina bifida.

Many of the subjects of it are born dead, or perish very soon after birth.

2. Syringo-myelocele is that rare variety of spina bifida in which the

medullary ridges have duly joined, but the original medullary tube (the

rudimentary spinal cord) has become distended with fluid, and thus bulges

backwards through the open neural arch, where it is found adherent to the

skin. If large, the tumour would be so translucent as to appear to contain

no nerve-tissue—to be a simple meningocele. As a matter of fact, however,

the substance of the cord actually forms the lining of the sac, the spinal

nerves finding their exit by passing round the convexity of the cyst

—

obviously, they cannot run across the cyst in their course to the inter-

vertebral notches. Syringo-myelocele is very likely to be associated with
paralytic and other defects of the lower extremities and of the pelvic part

of the trunk (Fig. 4).

3. Meningo-myelocele comes next to the myelocele iu order of frequency

of occurrence, and it is certainly the commonest variety of spina bifida in

those children who survive their birth. In this variety the tumour is

formed by a collection of cerebro-spinal fluid within the dura mater and
arachnoid, the cord itself being adherent to the sac posteriorly, and not

infrequently causing thereby a longitudinal dimpling of the skin. Some-
times a slight depression of the skin shows the position of the attachment

of the very end of the cord. (In a syringo-myelocele such a dimple could

not, of course, occur.) (Fig. 2.)

The cord being free in the sac, the nerves have to pass through the

cerebro-spinal fluid to reach the intervertebral foramina. In syringo-myelo-

cele, it will be remembered, the nerves coursed on the outside of the sac.

This feature, however, cannot be determined until the sac has been opened,

either at an operation or at a post-mortem examination. When the

meningo-myelocele is in the cervical or dorsal region, the cord quits the

lower part of the sac to re-enter the spinal canal. In the tumour the cord

is generally adherent to the back of the sac in the median line.
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In some cases of meningo-myelocele the medulla remains in the spinal

canal, only the spinal nerves entering the 'sac.

4. In meningocele a protrusion of the dura mater and arachnoid has

occurred through the back of the spinal canal, sometimes by a very small

gap ; the sac is then more or less distended with fluid, but the cord and the

nerves occupy their normal course. Many of these cystic protrusions have

a slender pedicle, and if, as sometimes happens in the course of growth, the

narrow communication with the interior of the canal becomes obliterated,

the meningocele may undergo spontaneous cure. In such cases the removal

of the tumour would prove a very safe and simple affair.

5. When an imperfect development of the neural arches is unassociated

with protrusion of the membranes, or with any other derangement of the

spinal contents, the defect is quite unimportant and is likely to remain
undetected. This variety of the affection under consideration is termed

spina bifida occulta. Attention is sometimes directed to the defect by the

skin which covers it being coarse, wrinkled, and pigmented, or by its being

disfigured by a growth of hair.

But spina bifida occulta may be associated with sufficient disturbance of

the cord or the nerves to hinder the course of motor impulses, and conse-

quently to render the lower limbs weak ; or there may be such interference

c A

Fig. 3.—Transverse section of an embryo chick
of the latter half of the second day, at the
place where the vertebral somites cease.
A, Medullary groove ; BB, epiblast ; C,
medullary ridge. (After Kolliker.)

Pig. 4.—Normal disposition of the parts at third

day before closure of the vertebral furrow.
(Alter Kolliker.)

with trophic influences as to determine an unwholesome appearance of

the skin of the lower extremities, or even of perforating ulcers of the

feet.

Results of Spina Bifida.—A simple deficiency of the neural arch of one

or more vertebra? may exert no prejudicial influence upon the individual,

even when associated with the presence of a tuft of hair (occulta), or with a

slight protrusion of dura and arachnoid (meningocele). But if in the latter

case there be also developmental imperfection of the cord or the spinal

nerves, there may be functional disturbance of the rectum or bladder, feeble

innervation of the muscles of the lower extremities, and trophic disturbances

of tissues generally, leading, perchance, to mortification of the toes. There-
fore, in cases akin to Baynaud's disease (vol. x. p. 290) careful examination
should be made of the back.

In the case of myelo-meningocele and of syringo-myelocele the effects

may be still more marked and serious.

As already stated, the subject of myelocele is usually still-born, or

survives but a few days.

Prognosis.—Very few of the subjects of spina bifida with an obvious

tumour reach puberty. In most instances the child gradually wastes away
and sinks without any active treatment having been undertaken. In others



27G SPINA BIFIDA

pressure or injury causes sloughing, when, the cerebro-spinal fluid escaping,

death quickly supervenes after trie intercurrence of septic myelitis and
convulsions, or spinal meningitis or myelitis may complete the history.

Unfortunately the same contingency

frequently follows active surgical treat-

ment. But in rare instances spon-

taneous cure has followed spontaneous

rupture of the sac. And in some few
cases the sac gradually shrivels up and
spontaneous cure takes place, so far at

least as regards the disappearance of

the tumour ; the deficiency in the

neural arches of the vertebrae, however,

necessarily persists.

Sometimes the spontaneous or the

surgical cure of a meningocele is

quickly followed by the occurrence of a

Fig. 5.—Shows dilatation of the central canal of hydrocephalus.
the cord, the nerve-roots passing round its Still pvph f hnnah fhp tnmnnr r>pr
outer surface. Syriugo-myelocele. _
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sists, the child may grow up and
become a useful member of society, but this is quite exceptional. Very few
children with spina bifida and meningocele attain adult life.

Treatment.—Speaking generally, cases of spina bifida do not lend them-
selves to active surgical treatment, though there are certain cases in which
satisfactory results may be hoped for. It is for the surgeon to endeavour
to recognise such cases, and studiously to avoid active interference with
the others.

Taking the varieties in the inverse order to that in which they have
been reviewed in this article, cases of spina bifida occulta may well be left

alone. The careful surgeon would cautiously refrain from dissecting away
an unsightly patch of skin—perhaps covered with hair—from the middle
line of the back, lest by so doing he should wound the adherent dura mater
and arachnoid and thus invite the occurrence of an attack of septic

meningitis. Indeed, the surgeon should act with extreme caution with
regard to all tumours situated in the exact middle line of the back, as in

that position the most simple-looking growths are apt to be associated with
the interior of the spinal canal.

In the case of a meningocele—especially if it is pedunculated—he can
proceed with more hopefulness. Indeed, some of these cases undergo
spontaneous cure. A myelo-meningocele may yield to operative treatment,

as will be shown directly, but the syringo-myelocele (which is usually

associated with other serious complications) is generally beyond the reach of

operative skill, whilst the infant with myelocele scarcely comes within

surgical purview.

Treatment by injection is less resorted to now than was formerly the case.

It is uncertain in its results, and its adoption is not without considerable

risk. The solution usually injected was a drachm of " Morton's fluid,"

which was composed of ten grains of iodine and thirty grains of iodide of

potassium dissolved in an ounce of glycerine. The injection was intended

to have such an influence upon the sac as to cause it gradually to shrivel up
and become effaced ; and this result was attained in a certain proportion of

cases. But in other cases persistent leakage of cerebro-spinal fluid at the

site of puncture, the entrance of septic micro-organisms, or the direct effect

of the local or general irritation proved fatal. Obviously, an irritating
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injection is as likely to exert its influence upon the delicate cord or the
nerves within the sac as upon the spinal membranes.

The cases best suited for the injection treatment were the simple
meningoceles, together with, perhaps, the least serious varieties of meningo-
myeloceles, and they were to be in the persons of healthy children who
were not possessed of any associated complications. These, however, are

just the cases which best lend themselves to the more radical and precise

method of treatment of excision.

Treatment by excision has now almost entirely superseded that by injec-

tion. The method is less blindly speculative ; the surgeon sees exactly
what he is doing in the course of his operation.

The cases for radical treatment have to be carefully selected :—The child

must be well developed and in good general health, and there should be no
hydrocephalus, paraplegia, talipes, or any other complication of the spina
bifida. And as the operator insists upon these conditions, the myeloceles,
syringo-myeloceles, and a large proportion of the meningo-myeloceles are
necessarily cast aside as unsuitable for his purpose.

The radical operation consists in making a longitudinal incision into

each side of the sac (after the manner described by Mr. Mayo Eobson).
Then, if the sac contain no nerve-tissue, that is, if it be a simple meningocele,
the superfluous, median part is cut away and the lateral edges are united by
fine sutures. If the cord or any of the spinal nerves be found in the sac,

they are to be replaced in the spinal canal, after having been freed, as far

as possible, from the wall of the sac. Subsequent to the closure of the sac
by sutures the deficiency in the neural arches is to be supplemented by
drawing muscular or connective tissue, periosteum, or even flaps from the
stunted laminse, into the middle line, before adjusting the edges of the skin
wound over them. This radical method of procedure has not as yet a high- <

class record. Indeed, considering the very serious imperfection for which it

is adopted, this could scarcely be expected. But it is certainly a justifiable

operation in suitable cases, and it is based upon a scientific and solid founda-
tion. Under the influence of asepticity it has become a well-recognised
surgical procedure, and it has very properly superseded the old-fashioned,

speculative treatment by injection. But supposing that a case comes under
observation in which, for one reason or another, no active interference is

advisable, the surgeon must do his best to protect the tumour from acci-

dental injury by covering it with soft pads and protecting it by a hollow
shield. No treatment with collodion, or any other local application, is

desirable.

LITERATURE.—J. Bland Sutton. Tumours, Innocent and Malignant.—A. W. Mayo
Robson. Trans. Clin. Soc. vol. xviii. p. 339.— S. G. Shattock. Trans. Clin. Soc. vol.
xviii. p. 210.

Spinal Accessory Nerve.

The spinal accessory or eleventh cranial nerve is often described as con-
sisting of two parts—an upper, internal, medullary, or vago-accessory por-
tion, and a lower, external, or spinal portion. The latter alone forms the
eleventh nerve proper, or nerve of Willis. The upper division is in reality
part of the vagus, and will be considered with that nerve.

Anatomy.—The eleventh nerve arises from a nucleus which is situated in the
cervical region of the spinal cord, and extends from the medulla as far down as



278 SPINAL COED : MEDICAL

the fifth or sixth cervical segment. The nucleus lies at the base of the anterior
horn and towards its outer aspect, forming in its upper part a projection of the
grey matter winch is known as the lateral horn. The fibres which arise from the
nucleus pass outwards through the lateral columns, and appear on the surface of

the spinal cord as a series of bundles, the uppermost of which emerge close to the
posterior roots, while the lower make their appearance about the middle of the
lateral column. The nerve which is formed by the union of these bundles passes
upwards through the foramen magnum into the cranial cavity. Its intra-cranial
course is, however, short, for it leaves the skull almost immediately by the jugular
foramen in company with the glosso-pharyngeal and vagus. Passing backwards
it pierces the sterno-mastoid muscle, to which it gives off branches, and then turns
downwards to end under cover of the trapezius muscle, to which its terminal
branches are distributed. Branches from the third and fourth cervical nerves
anastomose with the spinal accessory in this situation, forming the subtrapezial
plexus.

Ftinction.—The nerve has a purely motor function ; it supplies the sterno-mas-
toid and trapezius muscles. Both these muscles have an additional supply, the
former from the second, the latter from the third and fourth cervical nerves.

Lesions of.—The eleventh nerve may be involved in lesions (a) within

the vertebral canal, (&) within the cranium, or (c) in the neck.

The symptoms produced by a lesion of the spinal accessory nerve are

purely motor, viz. : paralysis of the sterno-mastoid and trapezius muscles.

Paralysis of one sterno-mastoid is said to be unaccompanied by deformity

unless a secondary contraction of the opposite muscle occurs. When both

sterno-mastoids are paralysed there is difficulty in maintaining the head
erect, it tends to fall backwards, and in deep inspiration the muscles do not

stand out as they do in health.

If one muscle only is paralysed the head cannot be so forcibly depressed

towards the shoulder of that side, and the movement of rotation of the

chin towards the opposite shoulder is interfered with.

Paralysis of the trapezius resulting from a lesion of the spinal accessory

nerve is usually incomplete, the reason being that this muscle is also sup-

plied by the third and fourth cervical nerves. The upper part of the

muscle may be completely paralysed.

When the trapezius is paralysed the point of shoulder on the affected

side hangs lower than its fellow, and the superior angle of the scapula lies

nearer the middle line than is normally the case. The natural slope of the

neck from the head to the shoulder, which is formed by the upper fibres of

the trapezius, is lost ; the side of the neck which is now formed by the

levator anguli scapuhe muscle is more concave than in health.

When the upper part of both trapezii is paralysed there is a tendency

for the head to fall forward, and the shoulders can no longer be raised to-

wards the ears. The vertebral borders of the scapulae cannot be approxi-

mated to the middle line so efficiently as formerly. The scapula does not

project from the chest-wall when the arm is held out in front of the body,

as is the case in paralysis of the serratus magnus.

Atrophy and associated alterations in the electrical excitability of the

muscles accompany the paralysis.

The diagnosis of the nature and position of the lesion is to be based

upon the history and the associated symptoms. Thus, if the lesion is in

the vertebral canal, symptoms pointing to an affection of the spinal cord

will probably be present ; whereas, if it is intra-cranial, in all probability

there will be involvement of the ninth, tenth, and perhaps other cranial

nerves. The paralysis is commonly unilateral, but it may be bilateral, as,

for example, in progressive muscular atrophy.
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Spinal Cord.

The surgical affections of the spinal cord and spine are considered later

(p. 299).

Anatomical Considerations
Vascular Supply
Physiological Considerations
General Symptomatology
Morbid Anatomy—

Developmental Peculiarities

Traumatic Lesions .

See also Pakalysis

279 Vascular Lesions . 294
284 Thrombosis . 294
284 Toxic Conditions . 296
287 Degenerations . 297

Infections . 298
292 Neiv Growths . . 298
293 Compression Myelitis . 298

Anatomical Considerations.—The spinal cord evidences the metameric
segmentation of the ancestral animal more perfectly than does any
structure in the human body, and a spinal segment is anatomically

defined as a portion of the spinal cord limited by the most anterior

(cephalic) and posterior (caudal) fibres respectively of one pair of spinal

nerves. Such a segment consists essentially of a mass of nerve cells ; of

fibres connecting the mass of cells (1) with other segments situated both

cephalwards and caudalwards, and (2) with higher parts of the central

nervous system ; and of afferent and efferent paths (the nerve roots)

distributed to all parts of the corresponding somatic segment. The seg-

mentation of the spinal cord does not, however, involve the grey matter,

and functionally the segments have lost to a great extent their segmental
distinctness. Such functional segmental separation exists to a much
greater extent in the thoracic region where somatic segmentation is still

apparent than in the limb regions ; and throughout the spinal cord it is

more marked as regards sensory-supply than as regards motor-supply. As
an instance of the great importance of the last statement, it is held that no
skeletal muscle receives supply from less than three spinal segments though
it may be supplied by one root.

The sensory areas (vide p. 114, vol. ix.) which are of the utmost value

in localisation of spinal disease are sometimes referred to as segmental
areas, but it is obvious, since there is no distinction in the grey matter
between the segments, and since from the nature of the grey matter in

warm-blooded animals its destruction in one segment interferes with the
functional capacity of neighbouring segments situated caudally, that

neither experimentally nor pathologically is it possible to deduce the
sensory area corresponding with the segment. The " sensory areas " then
are either areas of root-supply, or their limits have been deduced from cases

of transverse lesions of the spinal cord.

The Grey Matter.—The nerve cells of the spinal cord may be divided
into—(1) Those of a markedly angular type, with strong processes and
presenting well-marked tigroid granules both in the cell body and in its

processes. Such a cell is now regarded as a " motor " cell (i.e. a cell upon
an outgoing path). (2) Those of a rounded shape with less distinct

processes and with but little tigroid substance. Such cells are of the
" sensory " type (i.e. situated upon an ingoing path).

Whilst longitudinal sections of the spinal cord do not show that the
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cells are separated into groups, transverse sections reveal a definite grouping

in the plane at right angles to the axis of the marrow.

The nerve cells of the spinal cord may be considered in the groups

according to their situation

—

1. Cells of the anterior horn.

2. The lateral cell column.

3. Clarke's column.

4. Cells of the posterior horn.

5. Cells of the posterior root ganglia and sympathetic ganglia.

The cells of the anterior horn are for the most part large cells of the

motor type, their axons leaving the cord as fibres of the anterior roots.

They are collected into well - marked groups : (1) Mesial, (2) Ventral,

and (3) Lateral. The mesial group is most constant along the whole
length of the spinal cord, and from it the dorsal spinal muscles are

innervated.

The ventral group supplies the ventral and lateral muscles of the trunk

and the respiratory muscles.

The lateral group is mainly developed in the cervical and lumbar
enlargements, where it attains very large proportions, and its cells supply

the motor fibres for the limb muscles.

The lateral cell column (intermedio-lateral) tract consists of small cells

of motor type, and is most marked in the thoracic region where the chief

efflux of vasomotor nerves occurs. It is continuous with the nucleus of

the spinal accessory, and the nucleus ambiguous in the upper part of the

spinal cord and medulla. From this group of cells the vaso and viscero-

motor nerves probably arise.

Clarke's column consists of a well-marked group of large cells which
appear rounded in transverse sections and spindle-shaped in longitudinal

sections of the spinal cord ; they are conspicuously surrounded by a basket-

like network of collaterals from the posterior root fibres, and it is to this

group of cells that the terminations of the pyramidal fibres can most
readily be traced. It is almost confined to the thoracic region of the spinal

cord, being most marked in the lower thoracic region. However, cells of a

similar nature and situation are found opposite the origin of the second and
the third sacral nerves (Stilling's sacral nucleus), and opposite the origin

of the fourth and the fifth cervical nerves (cervical nucleus).

Axons from this group constitute the direct cerebellar tract.

The cells of the posterior horn are not definitely grouped. They are of

the sensory type and are numerous.

The cells of the posterior root ganglia are large unipolar cells of the

sensory type. The single process joins the posterior root fibre in a

T-shaped junction. Frequently a collateral is given off by this fibre close to

the junction to arborise over the surface of the cell. The centripetal

process from these cells on entering the spinal cord gives off a number of

collateral branches, some of which (short collaterals) descend before break-

ing up in the grey matter, others pass transversely into the grey matter to

form the plexus round Clarke's column, some passing to the ventral horn

of the same and of the opposite side. The grey commissure of the spinal

cord is made up almost entirely of such collaterals. Other collaterals

ascend some distance before entering the grey matter. Finally, after giving

off many such branches the posterior root fibre may end by breaking up in

the grey matter, or it may run as a long fibre of the posterior columns to

terminate in the funiculus gracilis or cuneatus of the medulla. While the

majority of the posterior root fibres from the limb regions terminate as long
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ascending fibres of the posterior columns, it is doubtful whether any such
fibres are contributed by the posterior roots in the thoracic region

(D 3 to D 12).

The sympathetic ganglia developmentally considered are segments of

the posterior root ganglia. Their cells are of a similar type, but are

multipolar.

The white matter of the spinal cord is most easily described when it is

regarded phylogenetically. Commencing at a certain period of its

development, we may say that the spinal cord consists of segmented grey
matter only. On the surface of this nerve fibres are laid down, which
connect each segment to its neighbour, and later to segments farther and
farther removed. There thus arises a system of shorter and longer inter-

segmental fibres passing in either direction of the spinal axis (intrinsic

mediate systems of the spinal cord). From their mode of origin these

systems will lie next to the grey matter in the adult cord, and their

distance from the grey . matter when seen in a transverse section of the

cord will be as index of their length, the shorter being nearer and the

longer more distant. Later the various segments of the spinal cord become
connected with fibres both ascending and descending, with the medulla,

pons Varolii, mesencephalon, thalamic region, and corpora striata in order.

Lastly, the development of the pyramidal system places each spinal segment
in direct connection with the cerebral cortex, and a more direct path is

established from spinal segments to brain by the development of the long
processes of the posterior root fibres which make up Goll's column of the

spinal cord. It is of the greatest importance, in considering the effect of

lesions of the spinal cord, that one should bear in mind that there are not
one, but many paths conducting from brain to spinal cord, and vice versd.

Let us consider for a space the condition present in some of the lower
animals. In the bird, for example, there is no pyramidal system, but the

descending fibres from the cortex end in the optic thalamus, which is

connected . by a well-marked tract of fibres with the spinal segments. In
this case incitations travel from brain to cord vid a junction in the

thalamus, that is, by a mediate path. Now, in the human foetus, and in

the infant, movements of the limbs occur before any pyramidal system has

reached the spinal cord ; the incitations for such movements must therefore

reach the spinal cord by some other tracts, such as the rubro-spinal, ponto-

spinal, and vestibulo-spinal tracts, which at that period of existence are

well developed.

The following mediate paths have been definitely followed in man :-—

(1) Descending

—

Tract.

Cortex Optic thalamus Sp. cord Thalamo-spinal
„ Red nucleus „ „ Rubro-spinal

~ , . . , f Tecto-spinal
Quadngeminal region „ „ | Post. long, bundle

„ Pons Varolii „ „ Ponto-spinal

„ Medulla „ „ .Vestibulo-spinal
(2) Ascending

—

Fibres of Goll's column Gracile nucleus, etc. Fillet—cortex.
Post, root Clarke's column Direct cerebellar tract

„ „ Middle cell column Gower's toact,
and other less important tracts.

By the term tract is meant a collection of fibres of like origin and
destination, and not as a rule a definite area of the spinal cord as seen
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in transverse sections. In the spinal cord the tracts are not distinctly

limited (with the exception of the direct cerebellar tract and part of G-oll's

column), but fibres of several tracts are found together in a particular area

of the spinal cord. For example, that region of the lateral column occupied

by the lateral pyramidal tract also contains fibres of the rubro-spinal and
ponto-spinal tracts both ascending and descending.

Descending Tracts.—The pyramidal tracts. These fibres are the axons

of large pyramidal cells situate in the grey matter of the central con-

volutions of the cerebral cortex. They extend throughout the spinal cord

;

their terminations have been traced to the region of the cells of Clarke's

column, and to the anterior horn. At the decussation of the pyramids each

pyramidal tract divides into four parts. The greater number of the fibres

cross over and occupy the dorsal part of the lateral column—the crossed

lateral pyramidal tract. Some of the fibres enter the lateral column of the

spinal cord upon the same side—the direct lateral pyramidal tract. A
further set enter the ventral column of the cord, and the majority of these

do not cross but lie along the lips of the ventral fissure—the direct ventral

pyramidal tract. Others cross to occupy a similar position along the

ventral fissure of the opposite side—crossed ventral pyramidal tract. The
fibres of the ventral pyramidal tracts are distributed to the cells of the

ventral horns only. The proportion in which the fibres are distributed in the

four divisions of the pyramidal tract varies greatly in different individuals.

The development of the pyramidal system takes place relatively late,

and is not complete in the lower regions of the cord till the end of the

second year of life (at the age at which a child learns to walk). When
injured these fibres degenerate relatively late.

The rubro- spinal tract (Monakow's bundle) consists of large fibres

having their origin in the hinder end of the red nucleus. They soon cross

the middle line in Forel's decussation, and lying internal to the sensory

root of the fifth nerve come to occupy the angle between the olivary and

restiform bodies, and thence run into the lateral column of the cord, where

they are at first situated ventral and external to the crossed pyramidal

tract, subsequently mixing with the fibres of that tract. The^ are dis-

tributed to the ventral horn of the same side.

The ponto-spinal tracts have their origin in the nuclei centralis and
lateralis pontis. One set of these fibres cross the raphe, and, entering the

posterior longitudinal bundle, are distributed to the ventral horns with

the fibres of that bundle. Others do not cross, and, inclining outwards,

join and are distributed with the fibres of the rubro-spinal tract.

The tectospinal tract arises in the grey matter beneath the anterior

quadrigeminal body, and at once crosses the middle line in Meynert's

decussation. It passes down as a compact bundle lateral to the raphe of

the medulla, and ventral to the posterior longitudinal bundle. From its

position in this region it is frequently termed the ventral longitudinal

bundle. It is distributed throughout the cord to the ventral horns lying

along the depths of the ventral fissure. Some of its fibres cross in the

anterior commissure shortly before reaching their destination.

The posterior longitudinal bundle (descending fibres) have their origin

in the nuclei oculomotorii, some of the fibres crossing in the posterior

commissure of the third ventricle, some in Meynert's decussation. Lying on

either side of the middle line beneath the grey matter of the aqueduct and

fourth ventricle, they sink along the raphe at the decussation of the medulla,

and enter the ventral column of the cord. They are distributed to the

ventral horns of both sides throughout the spinal cord.
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The four tracts last mentioned are the earliest tracts to be developed,

and as the result of injury they are the earliest to show degeneration

;

consequently the products of such degeneration are absorbed relatively early.

For example, as the result of a lesion injuring both the pyramidal tract and
the posterior longitudinal bundle, at an early period, after such a lesion,

the posterior longitudinal bundle might show marked degeneration and the

pyramidal tract none, while long after the occurrence of the lesion the

pyramidal tract might show degeneration and the posterior longitudinal

bundle none.

The vestibulospinal tract consists of a large number of fibres, having
their origin in Deiter's nucleus in the floor of the fourth ventricle. In the

spinal cord they are scattered over the ventral column from the lateral

limit of the ventral roots to the depth of the ventral fissure. They are

distributed to the ventral horns of both sides, the crossing fibres running in

the ventral commissure.

Descending Fibres of the Posterior Columns.—Descending collaterals of

the posterior roots.

These extend but a short distance below their origin (at the outside

not more than three segments). They lie in close apposition to the

mesial surface of the posterior horn, and end in the grey matter of that

horn.

Intrinsic descending system of the posterior column.

These fibres are found only below the fourth dorsal segment. Their

origin and destination are unknown. Very conspicuously degenerated in

transverse lesions, they occupy successively areas in their course which have
been termed the comma tract, the cornu-commissure zone, and the super-

ficial crescentic zone, the oval area of Flechsig, the septo-marginal tract of

Bruce, the sacral triangle of Gombault and Phillippe.

Ascending Tracts.— Goll's column (dorso- mesial column) is composed
of the long processes of the posterior root fibres from the lumbo- sacral

region. In the thoracic region it seems doubtful whether any long

ascending processes are given off by the posterior root fibres, and in

the cervical region the long ascending collaterals do not reach Goll's

column, but ascend in the posterior external column to end in the

nucleus cuneatus.

The fibres of this tract end for the most part by arborising around the

cells of the gracile nucleus. Some, however, sweeping round that nucleus
cross the raphe, as internal arcuate fibres reach the inferior vermis of the

cerebellum by the inferior peduncle.

Burdach's column (dorso-lateral column) is composed in greater part of

the fibres of the entering posterior roots, which after a comparatively short

course pass out of the column. The ascending degeneration, therefore, in

this column does not extend a great distance above the point of lesion

except in the cervical region, where, as has above been mentioned, the long
ascending fibres of the cervical roots ascend in the dorso-lateral column to

the cuneate nucleus.

The majority of the ascending collaterals of the posterior root lie for several

segments above the entry of each root as'a compact bundle mesial to the dorsal

horn, and constitute the " external root zone " of Burdach's column. Other
fibres derived from the posterior roots occupy the dorsal part of Burdach's
column, and form the " dorsal root zone," while between these two and the
mesially situated Goll's column is a somewhat triangular field—the " middle
root zone." The latter is of especial interest pathologically. Its fibres are

doubtless of posterior root origin; but, in marked contrast to the fibres of
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the external and dorsal root zones, and of Goll's column, which are developed

before the end of foetal life, those of the middle root zone are not developed

till after birth. Further, they are the first structures to show degeneration

in tabes dorsalis, and even in marked cases of the latter disease the patho-

logical changes may be confined to this zone.

The direct cerebellar tract is formed by the axons of the cells of Clarke's

column of the same side, and reaches the inferior vermiform process of the

cerebellum by way of the restiform body.

Gower's tract arises from cells at the base of the posterior horn, chiefly

upon the opposite side of the cord from the lumbar region upwards, and
reaches the cerebellum by way of its superior peduncle. It is distributed

mainly to the lateral lobe.

The ascending fibres of the posterior longitudinal bundle, of the

thalama-, rubro-, and ponto-spinal tracts, accompany the descending fibres

of these bundles. Their origin in the spinal cord has not been definitely

ascertained.

The central canal of the spinal cord at an early period is oval in shape,

with its longer diameter dorso- ventral. At a later period it becomes

quadriradiate with a short ventral and long dorsal ray, and a lateral

process on either side which is applied to the posterior horn of grey

matter. The short ventral process persists as the central canal in the

adult. The lumen of the dorsal process becomes obliterated and forms

the posterior septum of the spinal cord. The lateral processes disappear,

but the neuroglia originally surrounding them persists as the caput cornu

post of Eolando.

The central canal has several interesting pathological connections. Not
unfrequently some diverticulum of the central canal is found in the region

of the posterior horns or dorsal septum in an otherwise normal spinal cord.

The various situations in which hydromyelia and syringomyelia may be

found can generally be explained by the persistence of parts of the quadri-

radiate canal.

Those parts of the foetal spinal canal which disappear seem to leaAre

along their line of closure a zone of lessened resistance, so that a

hgemorrhage of any magnitude occurring in the spinal cord seeks at once

the region of the dorsal horn, where it spreads upwards and downwards in

the direction of less resistance.

Vascular Supply.—The anterior spinal branches of the vertebral

artery, arising from that trunk opposite the 1st cervical root, join to form

a single vessel, the ventral spinal artery which runs throughout the length

of the cord lying in the mouth of the ventral fissure.

Arising from the vertebral, close to the former, are the posterior spinal

arteries which run to the lower end of the cord immediately lateral to

the dorsal nerve roots.

These arteries are reinforced by a spinal artery entering each inter-

vertebral foramen derived from the vertebral, intercostal, lumbar, ilio-

lumbar and lateral sacral arteries successively.

The grey matter is supplied chiefly by direct branches from the ventral

spinal artery— the white matter chiefly by superficial vessels of the

anastomosis.

Physiological Considerations.—Considering the nervous systems of

animals from the lowest to the highest, there is an increasing tendency for

the subdivisions of the nervous system (for example the spinal segments)

to lose their power of individual action and control, and to become mutually

interdependent. In man and in the higher apes this is especially the case,
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and in them the nervous system in these animals may be said to act and

react as a whole. When, further, we consider the multiplicity and choice of

paths which are present for the passage of incitations both afferent and

efferent, we can understand how readily the nervous system, acting as a

whole, may partially compensate for the loss of one of its units. Complete

compensation occurs only perhaps in the young before the elements are

unchangeably impressed with the nature of their functions. It is such

compensation which renders the determination of the exact function of

certain elements so difficult— for example, the basal ganglia of the

cerebrum. The paucity of symptoms which result from the partial de-

struction of these structures is so striking, that it has even been seriously

entertained that they are disappearing elements in the nervous system

of anthropoids and are practically functionless. Their complicated

neuronic structure and their multiple connection with important and

better known elements are facts suggesting a most important function

for the basal ganglia.

Three examples of this unity of the nervous system which are of

fundamental importance in the symptomatology of nervous disease are

necessary here :

—

(1) If a pair of electrodes be placed beneath a dorsal root of a monkey,

and a single induction shock sent through, there result movements the

nature of which is constant for a given strength of current. This reflex

result may be taken as an index of a reflex act proper.

If then the central nervous system of the animal be injured in any part,

whether cephalwards or caudalwards of the stimulated root, the reflex

response to the same stimulus becomes at once changed and constant.

With a second injury, again, the reflex result becomes changed and

constant, and similarly with repeated injuries. Further, the more the

stimulated segment is isolated by such injuries (i.e. the smaller the mass of

central nervous system left attached to it), the less complex and the more

feeble is the reflex result obtained. With reduction of the central nervous

system as a whole the reflex response to a stimulus applied to one of its

subdivisions changes.

(2) If in the monkey all the dorsal roots supplying a limb be divided,

more or less complete paralysis of that limb results immediately. The

phenomenon most forcibly illustrates the mutual interdependence of the

nerve elements.

(3) While in lower mammals, such as the cat and the dog, after complete

transection of the cord, a condition of spasticity results below the point of

section, in man and in the monkey such a lesion is followed by great

depression of the vital activity of the parts below the lesion ; the muscle

tone and myotatic irritability are lost, the sphincters are relaxed, and the

superficial reflexes are difficult to retain and reduced in quality. Isolated

portions of the spinal cord seem to have lost their capacity for such home
rule as is manifest in the lower mammals.

There is a tendency, also, for the elements of the spinal segments so

isolated to undergo a slow form of histological deterioration.

Motor Paths in the Spinal Cord.— It is probable that incitations

from the cerebrum reach the segments of the spinal cord by all the long

descending tracts. One of these only is uninterrupted, the pyramidal tract

;

the other thalamo-, rubro-, tecto-, and vestibulo-spinal tracts, and the

posterior longitudinal bundle, are mediate paths. The functional compensa-

tion possible between the tracts doubtless accounts for the fact that com-

plete division of the pyramidal tract does not produce lasting paralysis
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in the higher animals, and that stimulation of the cerebral cortex after such
division results in movements of the limbs. The motor path supplies

chiefly the crossed side ; its uncrossed fibres probably carry incitations for

muscles which are habitually used contralaterally. For example, in

turning the head the left sterno-mastoid is used with the right splenius

capitis, and vice versa. Similarly, in lifting a weight, etc., with the right

hand, the left erector spinse is put into action.

The posterior longitudinal bundle and vestibulo - spinal tract serve

further to connect the ocular nuclei and auditory nuclei respectively with
the spinal musculature; the importance of such connection for equilibration

is obvious.

The function of the cells of the ventral horn has been already indicated.

The vaso- and viscero-motor fibres leave the spinal cord in the most lateral

part of the ventral root.

Sensory Paths.—The path of common sensation reaching the cord by
the posterior root seems to divide, touch and cold going together, while

heat and pain preserve another path. The exact paths are not known, but
that of touch and cold seems to become bilateral shortly after the entrance
of the root, while that of heat and pain appears to cross almost entirely at

the same level. It is likely that the mesial part of the lateral column is

the seat of the conduction of some of these impressions.

The muscular sense is conveyed from the limbs by Goll's column and
(for the upper limbs) by- Burdach's column to the opposite side of the

cerebellum via the nuclei graciles and cuneati.

The direct cerebellar tract probably is the muscular sense tract for the

trunk muscles. It is an uncrossed tract.

The function of Gowers' tract is not definitely known.
For the sensory and motor supply by the spinal roots see vol. ix., art.

" Paralysis."

Shock. — The collection of phenomena indicating depressed vitality

which ensues upon injury or violent stimulation of the nervous system, and
to which the term " shock " is applied, has been explained as a severe

stimulus causing widespread inhibition in the nervous elements, or as a

condition of general exhaustion following a great stimulus. Eecent ex-

periments as to the nature of shock are of great interest.

It must be borne in mind, in the first place, that every severe stimulus

applied directly or indirectly to the nervous system causes, after a tem-
porary rise, a great fall in the blood pressure, and when this occurs general

vitality is depressed, for the reason that the circulation of the blood is

interfered with, therefore nutrition is not so well carried on. Further, loss

of blood and lowering of the bodily temperature may contribute to the

phenomena. Those phenomena of shock produced by the three above-

mentioned causes act generally over the whole body. There is, however,

another important element, "spinal shock," the cause of which is little

known, and which occurs when the central nervous system is injured. It

is not general in its effect, but is manifest only in those parts supplied

aboral to the point of injury, and cannot therefore be due to circulatory

disturbance. This phenomena, little marked although present in inverte-

brate animals, reaches its maximum in the man and the monkey. An
example will render the nature of the phenomenon obvious. If with the

least possible injury the spinal cord of a monkey is transected in the upper
dorsal region the lower extremities hang flaccid and lifeless. Eeflex

activity, at first absent altogether, is always difficult to elicit, and little

muscle tone ever returns. Above the lesion, however, even an hour after
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the operation, little or no sign of shock is present, for the animal takes

interest in his surroundings, and uses his hands with customary agility in

catching flies and peeling chestnuts.

If, again, after some time, when some reflex activity is elicitable, a

second transection be made in the upper lumbar region, all reflex action

and muscle tone are lost below the second lesion, whilst no alteration takes

place in the region between the first lesion and the second.

Further, the manifestation of spinal shock is more complete in those

parts supplied by the isolated portion near the lesion than in more distant

parts.

It is more severe also the more aborally the lesion is placed.

It would appear as if the phenomena of spinal shock are of the nature

of isolation phenomena, due to the severance of paths conducting centrifugal

influences necessary for the normal action of the isolated part of the central

nervous system.

General Symptomatology.—Sensory Symptoms.—The disturbances of

sensibility occurring in lesions of spinal cord are conveniently divided into

subjective and objective disorders.

Subjective. Objective.

Pain, general. . Hyperesthesia.
Hyperalgesia.

„ localised. Anaesthesia to touch.

„ dull.
. „ cold.

,, sharp.
,,

heat.

,, occurring on movement. ,,
pain.

Tingling.
,,

muscular.
Numbness. „ Faradism.
Psychroaesthesia, etc.

General dull pain referred to the spinal column apart from that occurring

in toxic states is characteristic of neurasthenia. Among diseases of the

spinal cord it is very commonly met with in the paraplegic forms of

disseminate sclerosis.

Localised dull pain is a more frequent and more important symptom.
It is of distinct localising value, and such pain persisting is usually of

organic origin. It is of usual occurrence in syringomyelia and intra-

medullary spinal tumours (sometimes absent), and is not infrequent in

extra-medullary tumours, spinal caries, and tabes dorsalis. It is usually

present at the onset of acute myelitis.

Sharp pains occurring spontaneously are characteristic of tabes dorsalis

and of implication of the meninges and nerve roots by meningitis or new
growth.

Such pains radiating into the periphery suggest implication of the

nerve roots, or of the nerve trunks, according to their area of distribution.

Tuberculous spinal meningitis is not infrequently unassociated with
pain.

Sharp pain occurring on movement of the vertebral column is charac-

teristic of disease of the vertebral column, or of growth within the vertebral

canal, so situate that tension is put upon nerve roots by movement of the

spine.

It is remarkable that subjective sensations of pain are referred always
to the deeper parts, and never to the skin.

Girdle sensations are characteristic of local lesions of the spinal cord of

every kind. They are met with also in tabes dorsalis and in insular

sclerosis. Always of great localising value, they mark the upper limit of a

single lesion. Their exact causation is unexplained further than that the
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skin distribution of the nerve roots determines the " girdle." The sensation

is described by some patients as one of constriction, by others as one of

fulness (as if the skin over the area were not large enough). Similar

sensations occurring in the perinaeum and limbs are referred to by patients

as a feeling of weight, " of constriction," " as if the leg were hide-bound," or

simply as stiffness.

Tingling and formication are 'always referred to the skiu, and are

common both in diseases of the spinal cord and the peripheral nerves.

Numbness is truly a sensation, and not an absence of sensibility. It is

frequently present when anaesthesia is absent, and usually absent when
anaesthesia is at all marked. It is referred to the skin.

Psychrocesthesia, a subjective feeling of cold and many similar sensa-

tions, such as a feeling of heat, of running water, and vermicular sensations,

are occasionally met with. No explanation of the causation is at hand.

Objective Change in Sensibility.—Zones of hyperaesthesia and hyperalgesia

are met generally immediately above (sometimes in partial lesions below)

the skin region corresponding with the lesion. They have been explained as

the result of an increased excitability produced in certain nerve fibres by
an inflamed condition of the surrounding tissue of the spinal cord. Such
an explanation appears incorrect, since such areas may persist almost

indefinitely.

Hypersensitivity is commonly met with in peripheral neuritis and
sometimes in tabes dorsalis.

Anaesthesia may be considered (1) according to its distribution, and (2)

its nature.

According to distribution : (1) Nerve root, (2) nerve trunk, (3) nerve

periphery in general, (4) glove and stocking anaesthesia, (5) hemianaesthesia.

Special forms : Syringomyelic type, some cases of tabes dorsalis, Brown-
Sequard type.

Nerve-root anaesthesia includes all paranaesthesiae, the upper limit of

which corresponds with a root area limit (see vol. ix. p. 114). This type,

with few exceptions, is that met with in vertebral disease and injury, and
in transverse lesions of the spinal cord, extra medullary tumours, and
pachymeningitis, and in most cases of tabes dorsalis.

Nerve-trunk anaesthesia follows the anatomical distribution of a nerve

trunk. It is nearly always of traumatic origin.

Nerve-periphery Anaesthesia.—This type is met with upon the limbs.

All the nerve fibres are affected in proportion to their length, the longest

being most affected, so that anaesthesia (usually incomplete) is most marked
in the extreme periphery, and lessens gradually as it is traced towards the

trunks, while it is equally distributed in the direction of the circumference

of the limb.

This type is characteristic of multiple neuritis.

Stocking and glove anaesthesia are distributed in the form their name
implies, the upper limits being sharp. When such anaesthesia becomes
more extensive and invades the trunk, it takes the form of a sharply limited

hemianaesthesia or paranaesthesia.

This type is characteristic of hysteria.

Syringomyelic Type.—In some cases of syringomyelia, haematonryelia,

central focal myelitis, and intramedullary growths, the distribution is

peculiar and sui generis. Vide " Syringomyelia."
Certain cases of tabes dorsalis present peculiar and unexplainable

anaesthesia, such as (1) universal analgesia, (2) central part of face alone

exempt, (3) neck alone exempt.
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Brown-Sequard Anaesthesia.—This was at one time considered to be the

typical disturbance of sensibility resulting from a hemi-section of the spinal

cord. There is loss of the muscular sense in the half trunk and limb on

the same side below the lesion, with a zone of hyperesthesia above the

lesion, and anaesthesia to all forms with preserved muscle sense on the

opposite side below the lesion. It appears, however, that such a distribu-

tion of anaesthesia does not result from hemi-section of the spinal cord in

monkeys, and although Brown-Sequard's type is undoubtedly met with
clinically, yet it has not yet been proved in any such case that the lesion

amounted to a hemi-section. (More commonly unilateral lesions of the

spinal cord give rise to anaesthesia upon the paralysed side.)

The Nature of the Sensory Change.—It may be generally stated that a pro-

gressive local lesion of the spinal cord affecting all parts of a transverse area

of the cord equally (for example, a new growth or tubercular deposit press-

ing upon the cord) produces subsequently to the onset of a motor paralysis,

firstly, loss of temperature sense a short time after loss to pain, and then

relatively a long time after loss of tactile sensibility. In other words, the

tactile paths seem more resistent to injury than are those of pain and
temperature. (The reverse is true of organic cerebral anaesthesia, while in

functional anaesthesia neither statement applies.)

It cannot be too strongly insisted that only the most carefully worked-
out charts of anaesthesia are of value in diagnosis. The slightest changes
in sensibility must be made the limit of the anaesthesia, and minimal stimuli

as far as possible should be used. A chart of anaesthesia so prepared may
be said invariably to indicate correctly the situation of a focal lesion.

The common spinal type of anaesthesia is that above mentioned, earlier,

greater, and more highly distributed anaesthesia to pain and temperature
than to touch. This condition must not be confused with dissociated

anaesthesia ; in the former there is always relative loss to all forms when
anaesthesia is marked, whereas in the latter there is never any loss to touch,

though touches may " feel different " over the affected area.

Dissociated anaesthesia with loss to pain and temperature is met with
in syringomyelia, haematomyelia, and other lesions of the central parts of

the marrow, and sometimes in tabes dorsalis.

Karely there is relative loss to touch and cold only, or to pain and heat

only in association with small focal lesions.

In tabes dorsalis the nature of the sensory loss is most varied. There
are usually analgesia and thermanaesthesia pari passu. Marked tactile

anaesthesia is relatively uncommon.
In functional anaesthesia there is generally greater loss to pain than

to touch.

In peripheral anaesthesia the loss is usually relative, and sometimes the

tactual loss is greater than that to pain, and there may be spontaneous
severe pain associated with the tactual loss (anaesthesia dolorosa).

Motor Symptoms—Paralysis.—The slighter forms of loss of power are

liable to be overlooked by the physician unless the performance of a some-
what complicated act is taken as a test. It must be remembered that

although there may be no direct involvement of the motor elements, there

is always loss of power associated with marked anaesthesia, with ataxy, with
arthritic affection, and with local pain.

Spasticity, Eigidity, Contracture. See " Paralysis," vol. ix.

Hypotonia flaccidity of both muscles and ligaments is a characteristic

feature in tabes dorsalis ; in the late stages of acute combined degeneration
;

in the early stages of acute myelitis, and in total transverse lesions of the

VOL. xi 19
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spinal cord. Strangely it is not a feature in Friedreich's disease nor in

those diseases associated with gradual wasting of muscles.

Muscular wasting may be general or local, when general there is as a

rule some tonic cause recent or remote. It is the rule in total transverse

lesion of the cord to find marked general muscular wasting below the

lesion. The same is true of long-standing spastic paraplegia.

In the last stages of combined degeneration, Friedreich's disease, and
disseminate sclerosis, intense general muscular wasting is the rule.

Local muscular wasting may be the result of disease of the muscle or of

any part of the lower motor neuron. It is invariably a constant associate

of arthritis, the abnormal afferent impulse from the joint apparently

causing deterioration of the spinal segment supplying it and alteration of

the functional capacity of the ventral horn cells. (Doubtless many cases

of arthritis, for example, osteo-arthritis, are associated with actual neuritis,

but wasting above mentioned occurs with every traumatic lesion of a joint.)

Muscular wasting most often succeeds paralysis, but in progressive

muscular atrophy the two run with level steps. In this disease the lesion

involves cell by cell, and so long as there is a normal fibre in a muscle that

fibre will contract voluntarily. This point offers a valuable distinction

between progressive muscular atrophy and the atrophy of somewhat similar

type which occurs in syringomyelia, for in the latter a completely paralysed

muscle is frequently met with.

Electrical Reactions {quo vide).—Many erroneous impressions exist as to

the value of electrical reactions in diagnosis and treatment. The reactionO
of degeneration is rarely seen except in Bell's palsy, and polar change is of

hardly any importance in diagnosis or prognosis. The presence or absence
of Faradic excitability is, on the other hand, of great importance ; for

example, in infantile palsy a muscle which responds even in the feeblest

degree to Faradism within a fortnight of the attack may safely be predicted

to recover.

The great variability of the thickness and conductivity of the skin in

different individuals renders accurate investigation difficult. It must be

pointed out that clinical electrical reactions are the reactions of muscles

covered with skin. If electrodes be placed directly in contact with the

muscle, as by using needle electrodes plunged through the skin, no muscle
ever fails to respond to Faradic stimuli so long as it is muscle and not

fibrous tissue. The rapid decrease of and final disappearance of Faradic

irritability which occurs in myasthenia during the application of a series of

stimuli is pathognomonic of that disease, and of remarkable physiological

interest in connection with fatigue.

In familial periodic paralysis the transient attacks of palsy are accom-
panied by complete loss of every form of excitability in the affected muscles,

and this phenomenon, which disappears as rapidly as does the paralysis (in a

few hours), is likely to fundamentally alter our present conceptions of the

nature of muscular contraction.

Ataxy and inco-ordination are terms used loosely for many disorders of

movement. The division into static and dynamic ataxy is entirely artificial

and furthers no purpose. The complicity of the mechanism for the co-

ordination of movement makes division into types unnecessary. Much
more valuable is the detailed investigation of the nature of movements and
of the subjective difficulty in performing an act which the patient experi-

ences. From the subjoined list of the better-known factors in co-ordination

the great extent to which compensation is possible will be obvious :

—

An hereditary faculty (a chick, for instance, is born with perfect
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co-ordination) ; ocular guidance ; vestibular guidance ; the muscular sense
;

the sense of passive position ; tactile sensibility ; a normally acting motor

mechanism.

The last factor is of considerable importance, for a well-performed act

and a well-maintained position are produced by good sensory guidance and

good motor execution, and the result is perfect co-ordination. If either of

the former fail the sum is less. As an example it is difficult to conceive a

patient with spastic paraplegia from affection of the pyramidal tracts alone,

who is not to some extent ataxic.

Tremor.—Trophic phenomena, herpes, vaso-motor phenomena, erythro-

melalgia, are fully described under such headings.
;

Organic Reflexes.— The very beautiful physiological mechanism sub-

serving the organic reflexes has been worked out upon mammals by careful

experimental investigations. Clinically the disorders of micturition and
defecation occurring with diseases of the nervous system in man cannot

be explained on this hypothesis. Certainly the constant irritation of the

centres by cystitis, with the effect of the latter upon the bladder wall, must
complicate the disorder. It is doubtful, however, whether the mechanism
in the human subject is so simple as that above referred to. Making no

attempt to explain the human nervous mechanism subserving micturition, a

few isolated facts may be here of service.

(1) In an infant of six weeks the spinal cord was completely destroyed

below the fifth cervical root (fceture dislocation rupture of cord, and haemor-

rhage into the theca), no trace of any nerve elements being recognisable in

the necrotic tissue representing the lower segment of the cord. A normal

forcible reflex flow of urine resulted from application of cold to the peri-

neum. This phenomenon was observed several times by the writer.

(2) Total transverse lesions of the cord not involving the lumbar
enlargement do not give rise to overflow, incontinence, and distended

bladder, except perhaps for a few hours after the lesion. The sphincters

are relaxed (not completely), the anal reflex diminished, sometimes lost, and
the urine constantly escapes.

(3) Persistent retention and overflow., are rare in the spastic paraplegia

resulting from severe lesion of the cord. These conditions are most often

met with in slight forms of spastic paraplegia.

(4) In cases of tabes dorsalis the dysuresis has a great multiplicity of

forms. Its nature varying from time to time, precipitancy, hesitancy,

retention, and paralytic incontinence often alternating in one case.

A very frequent phenomena of tabes is residual urine—the bladder is

only partly emptied at each act of micturition ; the desire ceases, the

sphincters close, and the patient is satisfied that he has emptied his bladder,

while perhaps 8 to 12 ounces remain. Such stagnating urine predisposes

greatly to cystitis.

Reflexes.—It suffices here to enumerate the superficial reflexes of the

tendon reflexes, and point out the approximate segments of the spinal cord

with which they are associated. A superficial reflex should theoretically be

obtained by stimulation of any part of the skin, and is actually obtainable

when the skin is hypersesthetic. Similarly a tendon jerk should be obtain-

able from every muscle, but the position of a few muscles only lends itself

to a ready evocation of the tendon jerk. Easily excitable regions of the

skin only are used clinically for the elicitation of skin reflexes.

Superficial Reflexes.—The pectoral reflex, C 5-C 7 ; the scapular, C 5-C 7 ; the
epigastric, D 6-D 12 ; the dorsal, C5-L1; the abdominal, D6-L2; the cremas-
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teric, L 2 ; the dartos, L 2
;

gluteal, L 5-S 1 ; the femoral, L 3 ; the plantar,

L5-S1.
Deep Reflexes.—The scapulohumeral, C 5-C 7 ; the biceps jerk, C5-6; the

triceps jerk, C6-7; the wrist jerk, C 7-8 ; the gluteus jerk, L5-S1; the

knee jerk, L 2-L 4 ; the hamstrings jerk, S 2-S 3 ; the tendo-Achillis jerk, L 5-S 1.

The majority of these reflexes are well known and in general use.

Some, however, of considerable value have been more recently described

and deserve special mention.

The femoral reflex consists in a contraction of the tensor fascia femoris

muscle, when the inner side of the thigh or when the sole of the foot is

stimulated. It thus forms part of the usual response in the plantar reflex,

and may occur as the result of stimulating the sole when no response takes

place in the foot.

The scapulo-humeral reflex is of considerable importance as the most

easily elicitable " deep reflex " obtainable in the upper extremity. Upon
tapping the vertebral border of the scapula with the " tendon jerk hammer "

a contraction takes place in the scapulo- thoracic muscles, which if the

myotatic irritability of the muscles be above the normal, affects also the

scapulo-humeral, humero-thoracic, and finally the humeral muscles.

The hamstrings jerk is of somewhat rare occurrence. When the

quadriceps extensor is paralysed from a lesion of the motor root supplying

it, an attempt to obtain the knee jerk causes a powerful contraction in the

quadriceps.

Deformities.—Of special interest and importance in the diagnosis of

diseases of the spinal cord are deformities of the trunk and limbs which

may result from imperfection of development of the nervous system, from

contracture and from paralysis. In some instances a deformity occurs

regularly associated with a certain form of disease, yet the actual way in

which the deformity is caused is not easily explained ; for instance, the

kypho-scoliosis so usual in cases of syringomyelia and Friedreich's disease.

Some of the more common associations are the following :—Spastic states

—

Pes cavus ; Friedreich's disease—Kypho-scoliosis, contracture, Pes cavus

;

Syringomyelia— Kypho-scoliosis, "Main en griffe," Pes cavus; Spina

bifida—Maldevelopment of digits, etc. ; Myopathy—Dislocations, etc.

General Pathological Considerations.—Developmental Peculiarities.

—There are two main divisions into which conditions of defective develop-

ment of the spinal cord may be conveniently if somewhat artificially

grouped: (1) Those which are the result of some failure in the developmental

activity of certain tissues from some cause as yet unknown, such as spina

bifida and persistent embryonic cavities in the cord ; and (2), Those which

are presumably due to intra-uterine fcetal disease, and of such nature are

congenital spastic conditions. In the second of these groups the nervous

system, since its development is not complete at birth, constantly shows the

result either of incomplete development, arrested development, or non-

development. A lesion of the central region of the cerebral hemisphere

occurring during foetal life, since the fibres of the pyramidal system are

outgrowths of cells situated in that region, will result in non-development

of the corresponding pyramidal system if the lesion occurs early in foetal

life. If the lesion occurs later, and if the destruction of the cerebral region

be not complete, varying degrees of agenesia of the pyramidal system will

result. Further, it has been shown by von Gudden that if in a young
animal an organ be removed, when that animal reaches adult life the

structures in functional association with that organ will be found com-

paratively undeveloped, or even to have undergone progressive atrophy.
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For example, if one eye be removed at birth the corresponding nerve paths

and centres in the cerebrum will cease to progress in their development and
become atrophied. If destruction of one part of the nervous system occurs

during foetal life, a like result is found in those structures which are in

intimate physiological association with the damaged part.

Spina Bifida.—The central nervous system is developed primarily as a

nervous thickening in the epiblastic covering of the body running length-

wise. This thickened plate of epiblastic becomes depressed beneath the

level of the body surface, and its lateral parts curving upwards unite so

that a tube is formed lying beneath the dorsal epiblast of the embryo.

This tube is formed and is cut off from the general epiblast early in the

region of the head, last in the lumbar region, and forms the spinal cord.

Between the primitive tube-like spinal cord and the dorsal epiblast, layers

of mesoblastic tissue grow in on either side and unite, and from them are

developed the vertebral arches (laminae and spines) and the spinal meninges.

The varieties of spina bifida represent arrest of this developmental

sequence at some stage. They are commonly, moreover, associated with

developmental defects involving other parts of the body. (See also " Spina
Bifida.")

Congenital cavities in the spinal cord are parts of the original quadru-

radiate central canal which have persisted in addition to the permanent
central canal. They are surrounded by neuroglia containing hardly any
nerve elements. This tissue seems to retain the characters of the embryonic

neuroglia, and further to be especially liable to become the seat of new
growths. In this way many cases of syringomyelia and central gliomata of

the cord arise.

It appears also that the vessels in the immediate neighbourhood of

these cavities are particularly liable to rupture, and that some cases of

heematomyelia are to be explained on the ground of haemorrhage into

embryonic cavities in the cord.

The - terms hydromyelia and syringomyelia have been applied to dis-

tended cavities in the spinal cord corresponding with the normal persistent

central canal, and not so corresponding respectively. It is, however,

impossible in the majority of cases to determine either from the position or

from the character of the lining membrane of a spinal cord cavity the exact

mode of origin.

It is also sometimes impossible to distinguish anatomically cavities, the

result of long antecedent hsematomyelia, from those above mentioned.

The term hydromyelia is perhaps best confined to cavitation of the

spinal cord unassociated with symptoms.
Traumatic Lesions.—The most frequently occurring traumatic lesion of

the spinal cord is fracture dislocation ; less commonly concussion, crushing,

punctured wounds, and bullet wounds are met with. In cases of fracture

dislocation the conditions of the spinal cord and of the vertebrae may be

several.

1. The dislocation is momentary, immediate reduction taking place.

Little or no deformity of the vertebral canal is found. The spinal cord

may present no sign of the lesion, or perhaps a slight narrowing on external

examination, while microscopically all degrees of degeneration of the nerve

elements at the level of the lesion may be found.

Among this class cases of every grade of severity are met with, from a

case presenting transient symptoms referable to injury of the spinal cord,

and lasting a few days only, to cases where the clinical picture is per-

manently that of total transverse lesion of the spinal cord.
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2. The spinal cord is compressed by a displaced fragment of bone,

usually by the edge of the body of the vertebra?. The conditions in this

case are those of compression myelitis.

3. The spinal cord is compressed by haemorrhage occurring outside the

theca (local or general) or within the theca (general).

4. The spinal cord may be completely broken across or incompletely

torn, with much blood extravasation at the same level.

From the nature of the lesions in classes 2 and 3 the vital importance

of early surgical interference in cases of fracture dislocation of the spinal

cord cannot be too strongly insisted upon.

Vascular Lesions.—It is important to recognise (firstly) that lesions of

the spinal cord may be the result of pathological states of the vessel walls.

These will be considered here as vascular lesions proper. Secondly, in many
diseases the first noticeable pathological changes occur in the immediate
neighbourhood of the vessels, and are often confined to a special set of the

spinal vessels. It follows that the distribution of these lesions is deter-

mined by that of the blood-vessels, while it is probable that some toxic or

infectious agent, rather than a change in the vessel wall, is responsible for

the pathological condition.

In disseminate sclerosis the patches are often of vascular distribution,

but it is very improbable that this sclerosis is determined by disease of the

vessels. In combined degeneration also the distribution of the degenera-

tion corresponds more or less with that of certain blood-vessels ; it is almost

certain, however, that this degeneration is caused by a toxine circulating in

the blood (see also " Toxaemia ").

The difficulty of this subject is greatly increased by the fact that all

degenerative and sclerotic changes in the nervous system are followed, after

some time, by changes in the vessel walls supplying the degenerate area,

and these changes are indistinguishable from those of arterio-sclerosis. For
example, the right lateral column of the cord some time after the occurrence

of a left hemiplegia will be found to contain sclerosed vessels, while the

vessels of the left lateral column are normal.

When, however, shortly after the occurrence of an acute lesion, marked
changes in the vessel walls of a chronic nature are found, it is right to

consider such vascular changes as responsible for the lesion—for example,

acute myelitis.

Haemorrhage.—Haemorrhage into the spinal cord and its membranes is

a phenomenon of comparatively rare occurrence. It is in the majority of

cases the result of injury, or is associated with persistent embryonal cavities

in the cord ; less often it is associated with the presence of neoplasms in

the spinal cord, or with certain diseases in which haemorrhage is common,
such as scurvy, purpura, etc.

It must, however, be remarked that in wasting diseases small multiple

haemorrhages into the substance of the spinal column not rarely occur

shortly before death, but it is doubtful whether such haemorrhages are ever

productive of symptoms.
It is a striking fact that haematomyelia is not liable to occur under

those conditions which predispose to cerebral haemorrhage.

Embolism is extremely rare in the spinal cord. Infective endocarditis

has been the association in most of the recorded cases.

Thrombosis of the spinal vessels is of comparatively common occur-

rence, nearly all cases of acute and subacute myelitis being of this nature.

The term " myelitis " has survived from the days when a similar patho-

logical condition occurring in the brain was termed acute cerebritis (acute
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red softening). The use of the term " myelitis " has unfortunately been
associated with the retention of an obsolete pathology for the origin of
" myelitis " as an inflammatory process. It has long since been proved
that acute cerebritis was the result of occlusion of the cerebral vessels, and
the terms " cerebral thrombosis " or " softening " are in general use. Spinal

thrombosis, on the other hand, has been denied as the explanation of

myelitis by many writers of the present day, who, nevertheless, describe

lesions of the pons and medulla as thrombosis and not as " myelitis," which
are identical in nature with the lesions of acute myelitis of the spinal cord.

Moreover, there are acute infective diseases of the spinal cord (vide infra)

to which the term acute myelitis is strictly applicable, and these are com-
parable also to a like condition occurring in the brain, acute infective polio

encephalitis (Striimpell).

Thrombosis of the spinal cord is most commonly of syphilitic origin,

otherwise its etiological factors are those of arterial thrombosis in general.

It may be distributed in small scattered patches over many parts of the

spinal cord (disseminate myelitis), or, as more commonly happens, it affects

a transverse area of the spinal cord (transverse myelitis).

In the common form the affected area is not sharply limited in the

direction of length of the spinal cord, and there are often small separate

foci of disease separated by healthy tissue from the chief lesion. The
vessels supplying the white matter are those most frequently affected, and
the grey matter (supplied from the ventral spinal artery) is very often free

from disease. It is also generally true that the white fibres lying next the

grey matter tend to be preserved.

Just as cerebral thrombosis may result either in a condition of softening

or one of dry necrosis (the two conditions occur in about the same pro-

portion of adult cases, and dry necrosis much more commonly in early life),

so does thrombosis in the spinal cord result rarely in softening, commonly
in dry necrosis. In the latter condition there may be little change to the

unaided eye, the spinal cord being perhaps a little harder and whiter than
normal, and on section opaque and granular. In the softened condition

the spinal cord in the affected area may be of a semi-diffluent creamy con-

sistency if examined soon after the occurrence of the thrombosis. Long
afterwards the softened substance becomes of a cheesy consistency.

Within the affected area the larger vessels lying upon the surface of

the spinal cord hardly ever show any change. It is the vessels running
into the cord from the last-mentioned arteries that are conspicuously

affected, and these show in all their coats the characteristic changes of

sclerotic arteritis, and around those which are thrombosed there is usually

a scanty and local small celled exudation. There is no other evidence of

inflammatory reaction, and there is never any meningeal infiltration.

As has been above mentioned, the branches of the ventral spinal artery

supplying the grey matter are' rarely affected.

Thrombosis of the spinal cord, when local, much more commonly affects

the lower half of the dorsal region. Among; 68 cases observed at the

National Hospital, Queen Square, London, the position of the lesion was as

follows :

—

Cervical region, 10 cases: dorsal region 1-6,11 cases; dorsal region

7-12, 37 cases ; lumbar region, 10 cases.

No adequate explanation of greater tendency of the lower dorsal region

to be affected has been brought forward. It has been stated in explanation

that this region is less well supplied with blood than other parts of the

spinal cord.
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Other observers, however, state upon anatomical and experimental

grounds that the lumbo-sacral region is the least well-supplied with blood

on account of the distance of its vessels from the main arterial trunks, and
on account of the effect of gravity. It may be pointed out, notwithstanding,

that tissues receive a supply of blood corresponding with their bulk and
functional activity, and that probably the lumbar enlargement receives a

correspondingly larger blood-supply than the lower dorsal region. Further,

the writer is unaware that paucity of blood-supply has been proved to pre-

dispose to thrombosis, and the situation of a vessel at a great distance from
the main trunk supplying it certainly does not predispose to the occurrence

of arterial disease.

Toxic Affections.—At the present time our knowledge of the pathology

of the nervous system is so limited, that it is impossible to accurately

distinguish between toxic and degenerative changes. It may be argued

that all primary degenerative changes are of toxic origin, but since in some
progressive degenerative diseases, as, for example, Friedreich's disease, the

nervous system never attains a perfect condition of development, and in this

disease, as in other familiar diseases, it would appear that the nerve

elements are possessed of a certain subnormal vitality, which is responsible

for their imperfect development, and they are endowed with capacity for a

certain tenure of life only, towards the expiration of which period they

undergo slow degeneration.

The diseases of toxic origin which will concern us here are those in

which the nerve cells are chiefly implicated. There is some evidence,

however, that the baneful influence of the toxin may in some diseases affect

the medullary sheaths especially, and in others the neuroglia, but as yet our

knowledge is very scanty.

As the result of acute toxic processes, the changes in the nerve cells

affected are very striking and definite. The sequence is as follows :

—

The cell swells, and its outline tends to become rounded.

The tigroid bodies decrease in number, lose their regular arrangement,

recede to the periphery of the cell, break up, and finally disappear.

The nucleus leaves the centre of the cell, and approaches the periphery,

subsequently it may lose its distinctness and its nucleolus, or may
even be extruded from the cell.

The protoplasm of the cell acquires an opaque, " ground glass " appear-

ance. It becomes vacuolated, ceases to stain, and its processes break

off, and finally it undergoes fatty degeneration and disappeafs.

In chronic affections, such as progressive muscular atrophy, and in the

spinal form of lead paralysis, an entirely different sequence of changes
occurs :

—

The cells gradually shrink, the nucleus remaining throughout in a

central position.

The tigroid bodies lose their distinctness, and the protoplasm and cell

processes stain more and more deeply as the cell diminishes in size.

Later, a very small deeply staining mass at the junction of several well-

marked processes is all that remains of the cell, and finally both this

and the processes disappear.

Great difficulty arises in determining the nature of the cell changes
mentioned in the first group, since when a peripheral nerve or when
either the anterior or posterior root is injured, similar changes are seen in

the anterior horn cells corresponding. It is, then, almost impossible at
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present to determine whether the actual incidence of the toxine is upon the

cell body or upon its processes.

Take for an instance alcoholic neuritis, where the extremity of the

longest process of the anterior horn cells in the limb region is affected.

Does the poison act upon the ventral horn cell, the nutritive vitality of

which being lowered, that part of the cell most distant from the seat of

metabolism degenerates ? The following facts support this view, that (1)

Permanent paralysis and atrophy occur in some cases of alcoholic neuritis,

the absence of regeneration of the nerve fibre indicating cell death
; (2) All

fatal cases of alcoholic neuritis die with bulbar paralysis (Wernicke), and

the final so-called " diaphragmatic " palsy is in reality paralysis of respira-

tion in all its details, essentially a nuclear phenomenon.
Does the toxine act upon the peripheral nerve fibres ? If so, it has a

minutely selective action upon certain physiological groups. The occurrence

of peripheral pain, however, in this disease certainly favours the latter view.

It has been suggested that in Landry's paralysis an affection of the

pyramidal neurons (upper neurons) occurs similar to the affection of the

lower neurons in peripheral neuritis.

Degeneration and Regeneration of Nerve Fibres.—When a nerve cell

dies partially or completely the nerve fibres arising from it undergo

degeneration. The nerve fibre also degenerates when severed from its

nerve cell. It is stated as the result of experiment that the degeneration

of the nerve fibres occurs throughout the length of the nerve fibres. In

the central nervous system of man, however, the stage of degeneration

found in a given tract at different levels may vary greatly. It is certain

that, as the result of a transverse lesion of the spinal cord, certain tracts

degenerate much earlier than others ; for example, the descending mesen-

cephalic tracts and Goll's column degenerate early, whereas the pyramidal

tracts degenerate relatively late. The phenomena of the process of

degeneration in the spinal only differ from those seen in the peripheral

nerves, in that since the medullary sheath of the fibres in the spinal cord

contains no nuclei, there is no nuclear multiplication. The myelin breaks

up into globules of varying size, the axis cylinder fragments, and is no

longer visible ; the contents of the neurilemma then undergoes chemical

change, so that it reduces osmic acid and stains black in the presence of a

hardening agent. This reaction, which occurs only with degenerate myelin,

is used as the specific test for a degenerate fibre.

Regeneration.— In the peripheral nerves regeneration of fibres, both

from the central and from the peripheral end of a divided fibre, has been

abundantly proved. In the central nervous system, on the other hand,

while it is probable that nerve fibres do regenerate to some extent, little is

known as to the nature of the process. Nor can the prospect of regenera-

tion be considered in the prognosis of any case.

Degenerative Diseases.—It has been above stated that the distinction of

the degenerative diseases from toxic diseases is for the most part artificial.

The degenerations resulting from chronic toxic states, post-toxic conditions,

and premature senility, are at present not clearly distinguishable.

The degenerative diseases may be broadly grouped into the neuronic

and the non-neuronic diseases. In the neuronic group the degeneration

begins primarily in the nervous elements and involves the whole of the

affected neuron to a greater or less extent. The term " systemic " diseases

has been used for this class, but it has the disadvantage of inferring that

the disease is confined to one anatomical or physiological system of nerve

elements, and that all the elements of that system may be affected. Only
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one group of diseases (familial spastic paraplegia and some forms of cerebral

diplegia), in which the degeneration is confined to the pyramidal system,

can truly be so named. Tabes dorsalis is largely an affection of the afferent

system of the posterior roots, but in no case is that system completely or

solely involved. Still less is the degeneration of Friedreich's disease

confined to a system, and in the nearly allied general paralysis of the

insane there is not a physiological unit in the nervous system which may
not be involved.

The non-neuronic group is best exemplified by the disease disseminate

sclerosis. The incidence and distribution is not determined by the neurones

further than that the white matter is much more affected than the grey

matter. The earliest pathological changes are found in the immediate
neighbourhood of the terminal arterioles. Since the axis cylinder suffers

last at the site of the lesion, and since secondary degeneration occurs very
late, if at all, it is certain that the morbid process must commence either in

the medullary sheath, neuroglia, or vessel wall. The evidence is somewhat
strongly in favour of the medullary sheath being primarily damaged as the

result of some fault (probably toxic) in the blood-supply.

Infections.— These diseases are the result of micro-organisms which,

gaining access to the spinal cord, usually by the blood-stream, produce focal

lesions, in some diseases invariably confined to certain regions of the spinal

cord, in others widely diffused or spreading lesions. The morbid process is

one of inflammation, and the result local or widely spread necrosis, in some
diseases suppurative, in others non-suppurative. Anterior polio-myelitis is

the example in which local non-suppurative necrosis occurs. Acute infective

myelitis and acute meningo-myelitis are examples in which diffuse necrosis,

sometimes of a suppurative nature, occurs.

New Groioths.—Neoplasms may arise in the substance of the spinal cord

itself (intra-medullary growths) or in connection with the nerve roots and
membranes. Intra-medullary growths are commonly sarcomata, less

frequently gliomata, and rarely tubercular and syphilitic growths.

It is very rare for secondary growths to arise from intra-medullary

tumours, and the spinal cord is hardly ever the seat of secondary deposits

from malignant growths elsewhere.

Extra-medullary growths may be situated within the theca, or may be

attached to its outer surface, or may involve its thickness. The commonest
form is a benign myxoma; sarcomata occurs not rarely. Hypertrophic
pachymeningitis is probably a form of new growth peculiar to the theca.

It is not of syphilitic origin, and is met with, almost with equal frequency,

in the cervical, dorsal, and lumbar regions. Lymphadenoma in this

situation is sometimes met with. Localised gummata are not common.
Multiple fibromata of the nerve roots are occasionally met with,

especially in the region of the cauda equina.

Secondary growths are very common as extra-medullary tumours of the

spinal cord, they are usually multiple, and are generally associated with

involvement of the vertebras. Mammary carcinoma is especially prone to

affect the spinal meninges.

Compression Myelitis.—When gradually increasing pressure is exerted

upon the spinal cord there ensues a physiological severance of continuity of

the paths. The conducting tracts are not simultaneously affected by the

pressure. Voluntary motion is the first to be lost, then the muscular sense,

next the control of the sphincters after common sensibility (pain first), and,

lastly, the muscle tone and knee jerks.

In accordance with the degree of pressure and the length of time it has
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persisted, the effects of the evascularisation which such pressure naturally

involves becomes manifest, and a condition of necrosis, generally of a dry

variety, ensues.

The spinal cord may be subjected to considerable pressure, and the

condition of the part of the body below the lesion may be one of spasticity,

with complete motor and sensory palsy for many weeks and even months
before irrecoverable structural changes set in. The onset, however, at any

period during the compression, of flaccidity in the paralysed parts, precedes

by a few days only the commencement of ischemic necrosis. The flaccid

paralysis indicates total physiological interruption, and the amount of

pressure upon the spinal cord necessary to produce this effect must prohibit

the circulation almost entirely in the compressed region of the cord.

The effects of compression merit the term compression myelitis, in that

both this condition and acute myelitis are the effects of local ischsemia,

the former from pressure, the latter from thrombosis. In neither case,

however, is there anything approaching the phenomena of inflammation.
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Contusions of the Spine.—Contusions of the spine and the soft parts of

the back merit attention, not so much by reason of the injury itself, but on

account of the likelihood of damage to the spinal cord in severe cases.

Contusions which appear to be of little importance have been followed by
cord symptoms in the course of a few days, and in some instances of severe

contusion, where death has followed, the cord has been found completely

disorganised by haemorrhage into its substance. If the cord be not involved,

the contusion follows the ordinary course of such an accident elsewhere,

except that frequently there are complaints of considerable stiffness in the

back extending over a long period. If sensory or motor disorders appear,

especially if the action of the bladder or rectum be interfered with, then

the case demands a correct diagnosis and additional care.

Sprains of the Spine.—These vary very widely in their severity. Thus
in the mildest degree the muscles and their tendinous attachments are

involved, and then there is merely a little stiffness and tenderness over the

affected area. In severer cases the ligaments may be torn and an extra-

dural haemorrhage may follow, especially if the ligamenta subflava be torn

;

and many cases of so-called concussion of the spinal cord followed by grave

nervous symptoms are due to a temporary crush of the cord at the time of

injury, accompanied by some displacement of the bones, these immediately
after the accident recoiling to their normal position. 1 The symptoms are

pain (aggravated by movement), stiffness, often localised tenderness and
discoloration from effusion of blood. The tenderness on pressure is

1 Thorburn, Surgery of the Spinal Cord, p. 12.



300 SPINE, SURGICAL AFFECTIONS OF

generally found over several vertebras, and patients complain that they

feel extremely weak in the back. Some affirm that it is impossible to

stand up. The prognosis of the case depends largely upon whether the

cord and nerve roots are injured. In cases of slight sprain the symptoms
pass off after a few days. When the injury has been more severe, symptoms
of cord-mischief may make their appearance.

The treatment, both of sprains and contusions when uncomplicated, is

summed up by rest, frictions or rubbing with sedative liniments, massage,

and when the patient gets about, the support of a bandage or strap is useful

to him. If there be evidence of injury to the cord absolute rest from the

first is essential, and every attention must be paid to the condition of the

lungs, the bladder, the rectum, and the prevention of bed-sores. The
patient should not get up until the symptoms have passed off. It must
not be forgotten that a large proportion of sprains of the spine, especially

those occurring from railway accidents, are followed by symptoms of a

neurasthenic or hysterical character, and the condition is known as

" traumatic hysteria " or " railway spine," but it is better called " railway

brain," as in many cases it is a functional affection of the higher cerebral

centres.

Fracture and Fracture-Dislocation of the Spine.—Fracture of
the Spine.—Fortunately this severe accident is of comparatively rare

occurrence. About two -thirds of the cases are fracture-dislocation, and
the remaining third are made up of pure fractures and dislocations. The
cervical and dorsal spines are almost equally affected by fracture, but

in the lumbar spine it is much less common. It is stated that the

vertebrae most frequently injured are the fifth and sixth cervical, the last

dorsal, and the first lumbar; but in the cervical spine pure dislocation is

more common than pure fracture, while the reverse is the case in the

dorsal and lumbar regions. Fracture is more common in males than in

females owing to the former being more exposed to injury. It is due to

direct and indirect violence ; direct, such as a blow on the back by the

impact of a falling body, or by a bullet ; indirect, by forcible flexion or

extension of the spine. In about one-eighth of the cases fracture of the

arches is found, and this occurs more often than is supposed to be the case.

It is important to recognise this, bearing in mind the possibility of the

theca vertebralis being punctured by fragments, and of relieving pressure

on the cord by laminectomy. In fracture we find :

—

(a) Fracture of the spinous processes, associated with pain on move-
ment, local tenderness, mobility, crepitus, and alteration of the direct line

of the processes.

(b) Fractures of the laminae, in which both laminae may be separated or

only one. In the former event the laminae may be driven on to the cord

and cause compression. The condition is recognised by crepitus, pain, and
depression at the site of injury. Separation of one lamina may be caused

by a fall on the shoulder or side of the head, and is difficult to diagnose.

(c) Fracture of the transverse processes is largely due to gunshot wounds.
(d) In some cases of sprains and contusions, in which there are signs

that haemorrhage has occurred in the canal, it is supposed that a fissure of a

vertebral body has occurred.

(e) The same remark applies to a partial separation of the interverte-

bral discs. It is possible that one vertebra starts from its place, causing

damage to the cord, and then recoil of the vertebra takes place.

(/) The bodies of the displaced vertebrae are splintered or partially

crushed.
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Fracture-Dislocation.—In this injury there is also great damage to the

soft parts. Muscles and 'their attachments are torn, ligaments ruptured, the

intervertebral discs partially severed, and much haemorrhage takes place

into the extraspinal structures, and when the antero-posterior common
ligament is ruptured into the vertebral canal. As a rule the meninges

escape laceration, but haemorrhage may occur between the dura mater and

the cord ; or, what is still more serious,- it may occur into the substance of

the cord—especially the grey matter—giving rise to haematomyelia. The
cord may be immediately disorganised by pressure alone, and thence ensue,

if the patient live long enough, ascending and descending myelitis.

Symptoms.—It is well to give those common to fracture-dislocation in

any region of the spine, and then to specialise according to the region

afterwards. Apart from the symptoms usually associated with fracture

of a bone, immediately the accident occurs collapse and sometimes loss of

consciousness result, and when the patient recovers his senses he finds himself

partially paralysed. He has lost control over his sphincters and cannot

move his lower limbs. There may or may not be anaesthesia, and its level

varies ; sometimes a line of hyperesthesia separates the normal from the

anaesthetic parts. The temperature often rises immediately after the

injury, even to as high as 110° or 112°. But in the case of a fatal event

it steadily falls, and records of 80° and 75° in the axilla have been noticed.

The pulse as a rule follows the temperature. The effect of the shock is at

first to entirely abolish reflex action ; which is then regained unless

the lumbar cord is involved, when it does not return ; but otherwise it

becomes exaggerated, and when downward degeneration sets in diminishes.

The urinary organs at first suffer from shock, and complete retention occurs.

Immediately after the injury, if it be above the lumbar region this retention

gives place to involuntary or reflex discharges of urine, of which the patient

is unaware, but if the lumbar enlargement be involved the urine con-

tinually dribbles away. At first there is no change in the urine, except

the presence of a little sugar in some cases; but it soon becomes

ammoniacal, ropey, and occasionally it is discoloured with blood. When
these changes occur very shortly after an accident, and if great care has

been exercised in sterilising the catheter and preventing the entrance of

bacilli into the bladder, it is quite possible that the change in the urine is

of that kind which might be placed under the description of trophic. After

a time the bladder walls undergo degenerative changes, becoming dis-

coloured and ulcerated.

Priapism appears immediately after the accident, and particularly in

fracture of the cervical and upper dorsal regions. It is never seen when
the fracture involves the lumbar enlargement, and it is seldom noticed

when the lower dorsal spine is damaged. It is not persistent, and in a case

of degeneration descending into the lumbar enlargement it disappears.

Defecation is profoundly altered. The faeces may pass without the know-
ledge of the patient if they are firm, but if diarrhoea is present the motions

run away. Distension of the abdominal parietes, vomiting, hiccough, are

met with in cases when the injury is high up.

One of the most fatal occurrences is the onset of acute bed-sores, and
the rapidity with which they form, together with the extreme difficulty of

arresting them, seems to indicate that they are due to withdrawal of nerve

influence upon the nutrition of the parts. They occur most often on the

sacrum and lower lumbar vertebrae, but are seen over bony prominences,

such as the anterior superior spines, internal condyles, and the ankles. They
may come on also at any time during the progress of the case, even when
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the greatest care is used ; and then they are found to be associated with
descending degeneration of the cord, and are often a prelude to the fatal

ending. Other trophic lesions develop in the extremities if the patient

live sufficiently long.

Symptoms Special to vapious Regions of the Cord.—Fracture of
the Loiver Three Lumbar Vertebral.—Owing to the fact that the cord

terminates at the lower end of the first lumbar vertebra, or at the upper level

of the second, the long roots of the corda equina may escape injury. Com-
plete paralysis is not necessarily present, although it may be partial, due to

haemorrhage. Thus the loss of sensation is sometimes incomplete, although
movement of the parts supplied by the lumbar and sacral plexus is lost.

Micturition—at first reflex—may after a time become normal, and faecal

incontinence pass off by degrees.

Fracture between the Second Lumbar and Tenth Dorsal Vertebrm.—From
this part of the cord the lumbar and sacral plexuses are given off. Paralysis

of the lower limbs and of the bladder and the rectum is common, and
sensation is partially or completely lost. At first the urine is retained, but
it afterwards dribbles away, and the sphincter ani is paralysed. Priapism
is absent, and the reflexes are lost, not to be regained. If the injury occur

between the second and tenth dorsal vertebrae, in addition to the motor and
sensory loss, the abdominal walls are distended, tympanites occurs, and
breathing is carried on mainly by the diaphragm; and the power of expelling

mucus from the chest is lost. Some of the reflexes may return according

to the site of injury, and priapism is seen when the cord lesion is above
the sixth dorsal vertebra.

Fracture in the Cervico-dorsal and Cervical Regions.—Occasionally there

is an area of hyperesthesia, due probably to the congestion and irritation of

the region just above the seat of injury. Thorburn has dealt with injuries

to the spinal cord in this region very thoroughly, and he gives a table to

which reference may be made,1 showing from which part of the cord the

nerve-supply to the muscles of the neck, shoulder, and upper extremities

originates. Inasmuch as the cervical nerves run a comparatively long course
4

within the spinal canal the level of anaesthesia does not correspond to the

site of injury, but is generally about one vertebra below it. That is to say,

if the anaesthesia corresponds to the level of the seventh cervical vertebra,

the cord is probably injured at the sixth cervical vertebra. As a generalisa-

tion, according to Thorburn, the higher the mischief extends in the cord

through the brachial region the further will the anaesthesia extend from
the ulnar to the radial side of the forearm. Also be it noted that the

biceps is the last muscle to be paralysed. In this region, too, is situated the

cilio-spinal centre, and contraction of the pupil and narrowing of the pal-

pebral fissure occur, and the pupil does not dilate on pinching the skin of

the neck. If the damage is limited to one side of the cord, or the

haemorrhage is unilateral, the pupil is smaller on the affected side. Great

alterations of the temperature occur and the rate of the pulse corresponds.

Fracture dislocation of the first, second, or third cervical vertebrae is

necessarily a fatal injury, but not always immediately. The patient may
survive for a short time if the symptoms are due to haemorrhage, .and not to

bony displacement.

The Ophthalmoscopic Changes.—In four cases quoted by Thorburn, of

crush of the upper portion of the spinal cord, that is, from the third cervical

to the second dorsal vertebrae, ophthalmoscopic changes were found in three,

and consisted in haziness, want of definition of the discs accompanied by
1 Contributio?i to the Surgery of the Spinal Cord, pp. 2 and 3.
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slight distension of the retinal veins ; and in most cases in this region the

pupils and palpebral fissures are affected.

Prognosis.—Fracture of the spine is an injury of the gravest character,

and the larger number of cases terminate fatally, few living beyond six

months. But the writer knows of one case that lived two and a half years,

in which paraplegia was complete. The usual causes of death, apart from
the immediate interference with respiration, are extradural suppuration

leading to meningitis, acute bed-sores, cystitis, ulceration of the bladder, and
broncho-pneumonia. The duration of life depends upon the region of the

cord affected, but the higher it is the sooner the fatal result follows.

Treatment.—The first point is—the removal of the patient from the

site of the accident to bed. He should be gently transferred with all possible

care on a board covered with a firm mattress or a blanket. The clothes

must be cut off and all unnecessary movements avoided in getting him to

bed. It is best, if possible, to place the patient on a water-bed at once.

For the collapse, stimulants and hot-water bottles may be used, but the

danger of sloughing from hot-water bottles must not be forgotten. At least

two efficient nurses should be secured who have been accustomed to these

cases, and realise the dangers arising from want of cleanliness, undue pressure

on any part, and the risks of rough movement. The bladder should be

emptied under the strictest antiseptic precautions with a soft catheter. As
soon as possible an examination of the back should be made by the surgeon,

to note the extent of the displacement. But it often happens that when
the patient is placed flat in bed all displacement disappears, especially if

the fracture is comminuted. If the paralysis be asymmetrical or incomplete,

if displacement be present, and if there be much pain from nerve pressure,

an attempt at rectification may be made, but it must not be prolonged, and
should be made with extreme gentleness. The method employed is ex-

tension and counter-extension with manipulation. If the fracture be high
up and the abdominal and external respiratory muscles are not working,

great care must be taken in turning the patient on his face lest the action

of the diaphragm be interfered with by the pressure of the abdominal
viscera upwards. This has been known to cause fatal asphyxia. If the

deformity cannot be relieved in the above way by the usual methods of

extension and counter -extension with manipulation, extension on an
inclined plane may be effectual, but the results of such attempts at rectifica-

tion have been by no means encouraging, and laminectomy has been
employed. When the pressure is due to the laminae being driven directly

down towards the cord this operation is of some service. It may happen
that pressure can be directly relieved, and bony spiculse which have punctured
the dura be taken away. But laminectomy does not hold out much hope
when the cord has been injured by a fracture affecting the body, for removal
of the laminae does not relieve the pressure in front, and access to the

anterior aspect of the cord is almost impossible. Yet considering the fatal

nature of the affection almost any means of treatment are to be welcomed.
The statistics of W. W. White show that thirty-seven operations for fracture

performed during the antiseptic era resulted in six complete recoveries from
the operation and injury, six recoveries with benefit, eleven recoveries un-
improved, and fourteen deaths, a mortality of 38 per cent. Those cases in

which the lesion occupied the lumbar region, especially those in which only
the corda equina were involved, were particularly favourable, and so too were
those in which fractures of the arches or laminae existed. It seems that the

indications for operation are as follows :—In all cases in which the depression

of the spinous processes or laminae is seen and felt. In some cases in which
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shortly after the fracture rapid degeneration sets in. If the corda equina

be involved, or the characteristic symptoms of spinal haemorrhage are

present.

Dislocation.—Dislocation of the spine nearly always occurs in the

cervical region. A few dislocations affecting the twelfth dorsal vertebra

are recorded, and three or four cases of dislocation of the lumbar vertebrae

without serious fracture have been confirmed by autopsy. It may be com-

plete, incomplete, or unilateral, the upper vertebra being dislocated forward

over the lower one, although backward dislocations have been recorded.

The commonest site is at the junction of the fifth and sixth cervical vertebrae.

If the dislocation be complete, on examining the pharynx an unnatural

prominence may be felt, and there are the usually associated nerve lesions,

with rigidity, and a peculiar attitude of the head and neck. If the disloca-

tion be incomplete there may be irregularity of the spinous processes, and
there will be stiffness of the neck and partial paralysis. Naturally, disloca-

tion affecting the first and second cervical vertebrae is followed by death,

and dislocation about the fifth and sixth cervical vertebrae is soon fatal.

So that it is proper in the majority of cases to attempt to replace the parts

by means of traction aided by gentle movements of flexion. The friends

should be warned that there is a risk of immediate death during the pro-

cedure, but it may conscientiously be carried out by the surgeon, who is well

aware of the fatal effect of the injury if left untreated.

When the dislocation is unilateral- there is stiffness, irregularity of the

spinous processes, radiating pain, and the head is flexed and turned to the

shoulder on the sound side. The cord symptoms vary in degree according

to the amount of pressure and of haemorrhage.

If an attempt at reduction for partial dislocation be made, rotation

should be used in addition to extension and counter-extension. The head

should be carried still farther in the direction of the injured side, and
then gently rotated and bent towards the opposite side, extension and
counter extension being kept up during the whole time.
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Eailway Spine, or Traumatic Neuroses.— For our knowledge of

this subject we are mainly indebted to the writings of Erichsen, H. W.
Page, and Thorburn.

By railway spine is meant a functional disorder of the nervous system,

or some part of it, in which there is no gross lesion of the spinal cord, but
the symptoms simulate organic disease. It should be clearly stated that

in the so-called railway spine, the injuries to the soft parts do not differ

from injuries to similar structures elsewhere, but they are coloured and are

markedly influenced by the fact that they are sustained under exceptional

circumstances, such as a railway accident, circumstances which are often

extremely horrifying to those concerned. The conditions which are

included under the term railway spine are by general agreement the

following :— 1. A simple sprain of the muscles of the back which may get

entirely well, but more often it is followed by, 2. A general prostration or

a condition of neurasthenia. It is to be noted, however, that this neur-

asthenia may come on either with or without the history of definite injury.

3. A state known as traumatic hysteria.

Conditions 2 and 3 are functional disorders of the nervous system, and
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they must not be confused with symptoms due to inflammatory conditions

and degeneration of the spinal cord. The terms railway spine and
concussion of the spinal cord are not synonymous, because concussion of

the spinal cord is one of the rarest of injuries, and railway collisions do not

appear to be in any way specially productive of it. The expression

traumatic neuroses seems to cover fairly exactly the disturbance of

function occurring in these accidents. To go more fully into these points

:

1. A simple sprain of the back gives rise to apprehensions on the part

of the patient, because his mental balance is somewhat disturbed by the

collision, and to the lay mind the symptoms of a sprain of the back are

easily confounded with those due to nerve lesions. For instance, after such

an injury there will sometimes be tenderness over the transverse processes,

or the spinal muscles will be stiff and the patient feel that he is unable

to move freely. When he attempts to stand up he finds his back is weak
and gives way, and there are often some hyperresthetic patches on the

skin, which on being touched give him exquisite pain. If in addition he

notes that there is some difficulty in micturition and that the bowels are

constipated, his apprehensions are increased. But it is to be noted that

when examined, and when the hypersesthetic patches are touched, he

moves his back freely ; wherein, as Mr. Page rightly says, lies a diagnostic

sign of much value ; for it serves to exclude organic injury, and is a

distinct indication as to the line of treatment to be adopted. If the

symptoms of organic nerve lesions have been carefully excluded, and if

there be no definite rigidity of the column, the course of treatment is quite

clear. The patient should not be allowed to remain in bed, but should

have, first, passive movements, and then use the muscles of the back after

time has been allowed for repair of the muscular and ligamentous

structures. In fact the condition is comparable to that which is found in

ordinary lumbago, and so much so that the term " traumatic lumbago

"

has been given to it. But it will be readily understood that with the

imperfect knowledge of the lay mind as to the relative value of back

symptoms, and in people of nervous temperament—especially in those who
are overworked or have indulged in excesses—the tendency will be to

dwell upon the symptoms until the patient glides off into a state of

neurasthenia or general prostration ; and this state may even come on
without any definite injury, such as a sprain, and it seems to be due
directly to nerve shock.

To quote Mr. Page again, he remarks a very singular fact, namely
that " in those cases where severe injury, such as fracture or crush of a

limb has been sustained, followed by the usual signs of shock, it is not
nearly so common to see the evidences of general prostration afterwards, as

in those cases where there was no physical injury, and the immediate signs

of collapse were only slight. The explanation of this anomaly lies in all

probability in the fact that, in the one case the collapse is dependent on
the injury sustained; and in the other the signs of shock are likely to be

delayed in their manifestation, being warded off by the excitement of the

scene." Thus a patient after a collision may be able to extricate himself,

and finding he is uninjured, attends to the wants and hurts of others, and
feels nothing until he goes home, when he suddenly collapses. After a day
or two he feels better, and then attempts to attend to his work, with the

result that he finds that he cannot do it as well as he did. So that,

whether there is a definite sprain of the muscles of the back or not, a man
may pass into a general condition of hypochondriasis and even melancholia
with all its attendent symptoms. And he becomes the subject of " auto-

VOL. xi 20
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suggestion," or, as Charcot terms it, " traumatic suggestion," and lives in

the belief that he is physically incapacitated. And finding that his business

is being improperly attended to, and thinking that his nervous system is

hopelessly shattered, he drifts steadily downwards.
Traumatic Hysteria.—As an immediate result of the railway accident

—

even without injury and due entirely to the fright—the patient has a

definite hysterical attack, or he may be reduced to a condition of semi-

unconsciousness, or be dazed, and may persuade himself that certain things'

have happened to him which onlookers know not to be the case. Either
the hysterical attack or the state of unconsciousness may be followed

immediately or at a later period by paresis, or definite paralysis of

hysterical origin, and these symptoms are entirely of cerebral origin.

Difficulties may and do arise in the diagnosis of this condition, and
unless the diagnosis is quite clear, very serious errors may be made in the

treatment. Is is essential, too, to be quite clear that the paraplegia is of

an hysterical nature and not organic, and if with the paraplegia there be
combined hemianaesthesia, with loss of diminution of the special senses on
the same side, the diagnosis is fairly clear. In some cases, too, there

will be anaesthesia of a limb terminating abruptly at a definite level.

Such an anaesthesia is entirely different to that which obtains where the

loss of sensation is due to involvement of the spinal nerves, either at their

origin or in their course. Severe sensory disturbances come on immediately
after an injury, and may disappear with equal rapidity ; but there can .be

no doubt that to the patient they are extremely alarming, and then the

phase of auto-suggestion comes into play, and we have the clinical picture

of hysteria. But it must not be supposed that the patient is a malingerer

because he is thus affected. To him the symptoms are very real, and his

exact condition is that he cannot will to carry out functions which are

only temporarily in abeyance.

Since the question of compensation almost invariably comes to the front

in these matters, the patient often feels worried as to the amount he is

legally entitled to. He is often apprehensive of the publicity of an action,,

while the necessary examinations by surgeons concentrate his attention on
his condition. Therefore, it is not to be wondered at that a very fair pro-

portion of such patients get well immediately the question of compensation
has been arranged, and the kindest form of treatment is that which will

induce the patient to come to as speedy a settlement as possible of his

claims. It will be gathered from what has been said, that it would be very

unfair to suppose that because the symptoms improve after the settlement

of the claim the patient is a malingerer ; for cases are recorded where such

patients have steadily gone' down hill, and death has supervened from
exhaustion. Such a case is recorded by Thorburn. 1 At the same time

the possibility that an unjust or excessive claim is being made on insufficient

grounds should always be borne in mind by the medical expert, and much
acumen and wide experience are needed to detect attempted frauds. The
treatment of so-called railway spine is readily summed up. Sprains of the

back should be treated on the lines usual for sprains, while if nerve symptoms
supervene soporific and narcotic drugs, such as bromide of potassium and
morphia, are best avoided. Change of scene, fresh air, abundance of good

food, and massage, a proper amount of rest, together with the removal of the

worry incidental to the question of compensation, often work wonders.

The Lumbar Plexus.—The lumbar plexus is formed by the anterior

primary branches of the first, second, third, and half the fourth nerves,

1 Contribution to the Surgery of the Spinal Cord, p. 223.
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and they do not interlace, but arise by two roots from two neighbouring

spinal nerves. It may be irritated or compressed by injuries of the psoas,

severe sprains of the back, and by tumours of the vertebrae, and its upper

part by an aneurysm of the descending aorta. It may also be irritated by
a psoas abscess. Its branches may be injured in fracture of the pelvis,

by bullet-wounds, sprains, contusions, and fractures of the lower extremity.

They may be compressed by pelvic tumours, and the obturator nerve by an
obturator hernia. If the anterior crural nerve is paralysed there follow

loss of movement and wasting of the quadriceps extensor with inability to

extend the knee, and there is loss of the knee reflex. The power of flexion

of the hip is weakened owing to paralysis of the sartorius, pectineus, and
iliacus. Sensation is lost over the cutaneous areas supplied by the middle

and internal cutaneous and by the long saphenous nerves. In paralysis of

the obturator nerve there will be loss of action on the part of the adductor

muscles and wasting, so that the patient cannot put the affected limb across

the opposite knee, nor is he able to ride, and there will be anaesthesia of the

inner surface of the thigh.

The saceal plexus is formed by one-half the fourth lumbar nerve

and the fifth lumbar and the upper four sacral nerves. It may be contused

or torn in fractures of the pelvis and compressed by growths from the

lumbar and sacral vertebrae, and by intrapelvic growths and inflammatory

exudations. It may also be injured during parturition, whether forceps are

employed or not, and neuritis of it or its branches may arise from gout,

diabetes, or alcoholism.

Paralysis of the Sciatic Nerve.—This may be injured in dislocations of

the hip, fractures of the femur, by bullet and knife wounds. The symptoms
vary according to the situation of the nerve lesion. If it be high up there

are paralysis and atrophy of the biceps, semimembranosus and semi-

tendonosus, and paralysis of the external and internal popliteal nerves

which supply the muscles, and loss of much of the sensation below the

knee. The external popliteal nerve is more frequently paralysed than the

internal popliteal owing to its anatomical course and to its being more
exposed.

Paralysis of the Gluteal Nerve.—This is due to much the same conditions

which give rise to paralysis of the sacral plexus, and the symptoms consist

of paralysis and atrophy of the gluteal muscles, together with the pyriformis

and tensor vaginae femoris. The patient loses the power of forcible extension

at the hip joint when it has been previously flexed, also of abduction

and circumduction of the hip, and owing to paralysis of the tensor vaginae

femoris the foot is turned outwards when the leg is swung forwards in

walking. Paralysis of the external popliteal nerve gives rise to a loss of

power in dorsi-flexion of the foot, eversion of the ankle, and extension of the

toes. Talipes equinus may follow, and owing to contraction of the un-

opposed interossei there will be flexion at the metatarso-phalangeal joints.

Anaesthesia, vaso-motor and trophic changes are also noted. Paralysis of

the internal popliteal nerve causes loss of power of standing on the toes and
of inversion of. the ankle, so that talipes calcaneo-valgus may result, and the

toes become hyper-extended at the metatarso-phalangeal articulations and
flexed at the interphalangeal joints. Similarly, as in the case of the external

popliteal nerve, anaesthesia, vaso-motor and trophic changes ensue.
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Definition.—Lateral curvature or scoliosis is a rotation of the vertebrae

round the vertical axis, frequently, but not necessarily, combined with
lateral deviation or bending of the spine to either side.

JEtiology.—Its incidence is particularly great in large towns, and
amongst the out-patients at a hospital for deformities it is seen in one in

about seven to ten other cases. It is more prevalent in girls than in boys
according to Kolliker, in a proportion of five to one. Lateral curvature is

mainly a disease of adolescence, and there is no doubt that some cases

are distinctly hereditary. One case which came under the writer's

notice was a boy aged six with a long C-curve to the left over the whole
dorsal region.

Clinical Aspects.—There are two conditions which are generally included,

and wrongly so, in the term lateral curvature. The first is lateral deviation

of the spine, in which there is no rotation ; and the second is scoliosis, or

lateral deviation with rotation. Pure lateral deviation is due to the

insufficient support by the muscles of the segmented spine, which gives

way, and insensibly a deviation to one side or the other occurs. It is often

marked, too, in those people with one leg shorter than the other, but the

following distinctions between lateral deviation and scoliosis should be

remembered. On flexing the spine in lateral deviation the deviation

disappears, but in scoliosis the distortion becomes more apparent. When
the patient assumes the horizontal position lateral deviation disappears, but
in scoliosis the deformity partially remains. On voluntary muscular effort

the spine can be straightened temporarily in deviation, but not so in

scoliosis ; and on suspension lateral deviation disappears, while in scoliosis

the deformity is removed in initial cases only. Finally, in lateral deviation

the raised shoulder and the depression just above the crest of the ilium are

on the side opposite to that on which the spine deviates, but in scoliosis

they are generally on the same side. Such, then, are the main points of

distinction between the two conditions, but it must be remembered that

lateral deviation is generally, but by no means always, an antecedent

condition to scoliosis—that is, the rotation of the bodies of the vertebrae is

superadded to the lateral flexion of the spine.

With reference to the clinical aspects under which scoliosis is met with,

a convenient classification is the following :— 1. Cases in which the curva-

ture is mainly unilateral, or the C- shaped curve. The curve may be of

small extent, or it may be so large as to involve the dorsal and lumbar
regions of the spine. A large. C-shaped curve is always of serious import
because of the number of vertebrae implicated, the general muscular weak-
ness associated with it, and the harmful influence of the weight of the head
and upper extremities tending to increase the curve. These cases run a

more rapid and less favourable course than others to be described presently.

2. Cases in which two nearly equal curves are present. As a rule the

curvature is to the right in the dorsal region and to the left in the lumbar
region. It is essential to determine which is primary before suitable

treatment can be initiated, and it may be safely said that the less mobile

is the primary and more important curve, and therefore demands particular
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attention. In some cases of these S-shaped curves the dorsal convexity is

to the left and the lumbar convexity to the right. But, as just stated, the

reverse condition is more common. That it is so is largely dependent upon
the excessive use of the right arm, especially in certain employments and
occupations, these being such as to elevate the right shoulder and depress

the left ; and one great cause is undoubtedly faulty posture at school and
improper school desks. 3. In some instances three or four distinct curves

are seen, and are variously distributed in the spine. In that form of

scoliosis in which there is one large curve present there are sometimes two
smaller compensatory curves, but this condition is distinct from that now
under consideration, in which the curves are often of equal length, and it is

difficult to say which one is primary. In this form of scoliosis the accom-
panying distortion in the chest is less than in those cases where one large

curve or two equal curves are present. 4. Scoliosis associated with posterior

projection of some of the spinous processes. This condition is seen when
the back presents two curves nearly equal, and the projection is always
found at the spot where the two curves intersect. The chief interest of this

class of case lies in the fact that they may be mistaken for a curvature from
Potts' disease, but the mobility of the spine in scoliosis will at once distinguish

thenr. 5. Scoliosis with obliteration or lessening of the natural antero-

posterior curves of the spine. The clinical importance of recognising this

group is considerable, because the most important factor in the deformity is

excessive rotation in the vertebrae without much lateral deviation, and in

these cases the external curvature of the spinous processes is no measure of

the extent of the internal displacement of the bodies.

The Appearance presented by a Patient with Lateral Curvature.—Inas-

much as the vertebral column, like the keel of a ship, is the foundation of

the structure of the trunk (Fisher), the result on the trunk must be very
considerable. The mechanism may be grasped by attention to the following

diagrams (Figs. 3 and 4), and for the purposes of description we will

take the case in which one curvature is to the right in the dorsal region,

and there is a second or smaller curve to the left in the lumbar region.

The symmetry of the body is lost, the right shoulder being elevated and
the left depressed. The right arm is closely approximated to the side, and
the left falls away at a considerable angle. The ribs on the right side are

bulged posteriorly and depressed anteriorly, while on the left side the
reverse is the case. On the right side there is considerable hollowing out
of the flank, with prominence of the hip ; while on the left the flank is

flattened and the hip is less in evidence than usual. These changes are

due to rotation of the bodies of the vertebrae, the right transverse processes

being rotated backwards in the dorsal region and the left transverse

processes in the lumbar region. The obliquity of the right ribs is very
marked, so that the scapulae may be found altered from the natural
positions. Thus the right scapula—that of the out-growing shoulder—is

raised and is less vertical, and in severe cases becomes almost horizontal, so

as to give rise to the impression that its inferior angle is dislocated. It is

also farther away from the mid-line than normal. The left scapula appears
to have sunk, and its position is just the reverse of the right. The clavicle

on the right side is much curved, and in severe cases dislocation of its

sternal end has occurred. As the right transverse processes in the dorsal

region rotate backwards the spinous processes sink, and they are twisted away
to the left, that is, towards the concavity. But the deviation of these

processes is no measure of the rotation of the bodies, which is often much
greater than appears on the surface owing to the vertical axis of rotation
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being situated considerably nearer the tips of the spinous processes than

the fronts of the vertebral bodies.

•In a severe case of the kind we have alluded to, the pelvis is much
deformed, the lumbo- sacral angle points to the left, and encroaches to a

marked degree on the left half of the cavity. There is also inward dis-

placement of the left acetabulum, and the wing of the sacrum and of the

ilium on the left side are thickened. On examination of the softer structures

it will be found that the left mamma is very prominent and the umbilicus

is displaced to the left. The effect of the distortion of the vertebral column
on the shape of the thorax in severe cases is profound. On the convex side

->K

;•

X

i ^ \

Fig. 1.—A case in which the vertebral column was affected
in two regions by Potts' disease.

Fig. 2.—Scoliosis of old standing, associated
with adenoids. (Olive B , aged 9 years,

seen at the Evelina Hospital for Sick
Children.)

its convexity is markedly decreased, and both the antero -posterior and
transverse diameters are diminished, but its depth is increased slightly.

On the concave side the depth is lessened, but the diameters are increased.

A horizontal section of the thorax (see Fig. 4) shows it to be elliptical in

shape, the longest axis being from the most prominent part of the ribs

behind to the opposite nipple in front. That is to say, the ribs on the
convex side are doubled up, and those on the concave side are unfolded.
After a time the viscera undergo changes in shape and position. With a
curvature to the right side in the dorsal region the chest is less resonant
and the vesicular murmur is decreased, while on the concave side the
reverse obtains. But the total effect is a decrease in the respiratory
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capacity, so that these patients suffer from frequent and severe attacks of

bronchitis. The trachea and bronchi are deviated to the left, and the

oesophagus in a pronounced case no longer follows

its natural direction, but makes a right line for

itself. In well-marked cases, and where the

concavity is to the left in the dorsal region, the

heart's apex is generally above its normal position

and displaced outwards. The writer has seen the

apex in an extreme case of scoliosis beating in the

third intercostal space. The liver, from its large

size, is compressed and displaced downwards.

The spleen, too, is pushed downwards, while the

stomach and intestines are projected forwards to

compensate for the lowered position of the dia-

phragm. Such is the picture presented by cases in

which the distortion has developed rapidly and is

becoming extreme. But it should not be inferred

that all cases present so much functional and
structural disturbance as has been described. Many
of them are fairly robust and healthy, and suffer

in only a slight degree from general ill -health,

their lives rendered miserable by impaired circulation, feeble digestion,

and limited powers of respiration.

With regard to the muscles of the spine, in an early stage those on the

convex side are somewhat prominent, mainly because of their position on

Fig. 3.—Diagram to illustrate the
position of the ribs when the
curvature is to the right in the
dorsal region. (After Redard.)

Others, however, have

Fig. 4.—Illustrating the alteration in shape of the ribs, the deviation of the transverse diameter

of the thorax. (After Redard.)

the convexity of the curve and the tension of their fibres resulting from^a

persistent effort to maintain the body equilibrium. After a time the

muscles on the concavity become rigid and prominent on account of the

shortening they undergo, but as a rule the muscles on the convex side are

the weaker ones.

Varieties and Causes of Scoliosis.—The causes of scoliosis may be

grouped as follows :—The predisposing and the approximating.

The predisposing causes are those which are constitutional, such as

debility, rickets, or a condition of lack of resistance in certain of the

vertebim
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The approximate causes, which are really local, are those which disturb

the equilibrium. They are vicious positions in standing or sitting, faulty

attitudes, empyema, inequality in the length of the limbs, unequal use of

one arm, torticollis and astigmatism. But this classification does not quite

cover all the ground, and the one which is suggested is as follows :—
1. Primary.—(a) Congenital scoliosis. (6) Scoliosis of adolescence,

including occupation scoliosis. (c) Eachitic scoliosis, (d) Scoliosis of

nerve origin, e.g. scoliosis ischiatica, and that -form of scoliosis which is met
with in locomotor ataxy, Friedreich's disease, and syringomyelia, and more
often in infantile paralysis. In infantile paralysis the convexity of the

curve is always toward the side of the paralysed muscles, and this form of

nerve disorder is productive of a most intractable variety of scoliosis.

2. Secondary.—(a) Static scoliosis, that is, distortion due to faulty posi-

tions in standing or sitting, and inequality in the length of the limbs, torticollis

and astigmatism, (b) Scoliosis due to cicatricial contraction of the chest,

such as empyema, (c) Scoliosis in connection with nasal and post-nasal

obstruction, and such as is seen in well-pronounced asthmatics.

To enlarge upon these headings : and commencing with the scoliosis of

adolescence, including occupation scoliosis. It is convenient to group under
this heading that large number of cases which, commencing in childhood

and youth, and being associated often with muscular debility, are induced
or aggravated by unsuitable occupations, such as dressmaking, nursing,

carrying weights on one arm, needlework, and book-folding. One of the

most fruitful causes is long school hours, and faulty attitudes in sitting and
writing, and there is no doubt that teaching children to write the Italian

hand is responsible for many a curvature. Sometimes the right hand and
fore-arm are on the table guiding the pen, while the fingers of the left hand
merely touch the table, and the shoulder is depressed, with the result that

a rotatory curve to the right is produced. At other times it is the left

hand and fore-arm which are placed on the table, and the right arm is un-

supported and the right shoulder is depressed, and then there is rotation

to the left. Very often the fault too is in the pattern of the desk, and to

this point further allusion will be made. Of congenital ' scoliosis I have
seen three examples. It is probably due either to intra-uterine rickets, or

to malposition in utero. Eickety scoliosis comes on very often between
the first and second years. The dorsal curve is generally to the right, and
the prognosis is not at all good. The lateral curvature which arises from
sciatica is distinctly rare. Sometimes the convexity of the lumbar curve is

directed to the affected side and sometimes away from it. Static scoliosis,

or scoliosis arising from asymmetry of the two halves of the body, is un-

doubtedly the most frequent form of all, and no opinion should be given

upon a case of lateral curvature until careful measurements of both upper
and lower extremities have been taken. The habitual position of the head
should be observed, and it is often advisable to have the child's eyes

examined for astigmatism. Empyema is undoubtedly a cause of very
intractable lateral curvature, and the worst forms are seen after Estlander's

operation.

There can be no doubt that adenoids and nasal obstruction are factors

in the production of lateral curvature, and the sequence of events is as

follows :—A contracted chest, and then antero-posterior curvature of the

spine, with undue flexion. With this is associated feeble muscular
development on account of the insufficient aeration of the blood, and then
the spine is just in that condition that a slight determining cause will

make it sag to one side or the other.
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Symptoms and Course.—The symptoms and course of the disease fall

into periods :

—

(a) The incipient period or stage of onset, (b) The stage of develop-

ment, (c) The stage of arrest, (d) The stage of improvement, or as too

often occurs, the stage of bony fixation of the deformity.

(«) The Incipient Period is but slightly marked, and little or no notice

is taken of symptoms at that time. Pain is as a rule absent, although a

feeling of weariness in the back may be complained of. A careful examina-
tion of the figure, which, however, is very seldom made, reveals slight

elevation of one shoulder, some asymmetry of the flanks, projection of one
hip, or a faulty habit of standing or sitting.

(b) The Stage of Development.—In healthy children there is little or no
pain, but in weakly girls the amount of pain varies considerably, and it is

interesting to observe that the most frequent site of pain is usually just

below the scapula on the convex side of the curve. There is also in

nervous patients a good deal of diffused pain. When the deformity is

considerable and of old-standing, much pain is caused by the contact of the

depressed ribs with the iliac crest and consequent irritation of the lateral

branches of the last dorsal and upper three lumbar nerves. The other

symptoms complained of during the stage of development are referable to

alterations in the position of the viscera. It is interesting to note that

there are certain ages at which increase in scoliosis often occurs. If un-

treated it will increase spontaneously up to the age of twenty-five, and
again about forty and in old age. The majority of cases may be regarded

as having attained the maximum of deformity at twenty-five. But in a
small proportion of cases as the result of debility, especially that which
occurs from frequent child-bearing, a recrudescence occurs between the

ages of twenty-five and forty, and in a smaller number of cases, owing to

the failure of general health, a scoliosis which has been quiescent for thirty

or more years will commence to increase, and cases have been recorded in

which such took place as late as the sixtieth year.

(c) The Stage of Arrest.—This may be reached spontaneously, or as the

result of treatment, and may occur either in slight or well-marked cases.

And the possibility of natural arrest should always be borne in mind, for

it shows that scoliosis is not always so serious a matter as it is some-

times said to be. The other class of cases in which natural arrest occurs is

of quite a different aspect. . The scoliosis is extreme, and it has ceased to

increase simply because bony ankylosis has taken place with ossification of

the ligaments.

(d) The Stage of Improvement.—This never occurs spontaneously, but
is only the result of properly directed treatment. It is recognised by
observing the gradual diminution of all the signs of the deformity, especially

the projection of the ribs on the convex side, and the acquisition of

symmetry of the flanks. If, however, the patient has never been placed

under treatment, and the deformity is progressive, then the final stage is

reached of ankylosis of the spine, with ossification of the ligaments.

Morbid Anatomy and Pathogenesis.—Scoliosis is not a disease, but is an altera-

tion in the position, shape, and texture of the spinal structures dependent on
long-continued pressure and twisting in abnormal directions. In extreme cases
the bodies of the vertebrae become wedge-shaped towards the side of the con-
vexity, and in this change of shape the intervertebral discs partake. The bodies
also become more dense on the concave side, and osteophytes may be seen on the
edges of the articulating surfaces. As the result of torsion the fronts of the bodies
show oblique and spiral striations or ridges. The spinal canal is altered in shape,
and is found to be irregularly oval. Considerable changes occur in the lamina?-



314 SPINE, SURGICAL AFFECTIONS OF

and processes. The spinous processes are deviated and directed to the side of the
concavity ; while the laminae, pedicles, articular and transverse processes, all

undergo some atrophy. The anterior spinal ligament becomes displaced, and
appears to slip to the concave side of the curve. Ultimately it may undergo
ossification. The spinal muscles undergo considerable degeneration from disuse,

and fatty and fibroid changes occur in old standing cases with convex curves only.

There have been many explanations advanced as to the actual causation of lateral

curvature, and these are all set forth in the various text-books, and therefore need
not be repeated. Judson of New York, and Bradford and Lovett of Boston, have
conducted several experiments on the cadaver, which throw a great light upon
the origin of scoliosis, and to quote the last-mentioned authors, "the effects of the
weight of the thorax, head, and shoulders would, if applied in a vertical

direction, be to bend the spinal column forward and backward." But in flexible

spines the superincumbent weight rarely falls directly ; and their experiments show
that when pressure falls obliquely, rotation of the vertebra? takes place, and is more
marked than lateral flexion. But the greater the anteroposterior curvature of

the spine the greater is the rotation, and the greater is the lateral flexion. Hence
in flexible spines scoliosis or rotatory curvature follows. This is at first a physio-
logical process, but it subsequently becomes, by the alteration in the shape of the
bones and altered pressure, a pathological change. The order of events is weaken-
ing of the spinal ligaments and muscles occurring in a patient whose equilibrium
is not perfect, and this is followed by anteroposterior flexion, rotation of the
spinal column, and lateral flexion.

Prognosis.—A common idea prevails that the patient, if left to herself,

will "grow out" of it, but experience shows that such cases grow into it rather

than out of it. Errors in prognosis are common. The first is, that the de-

formity is of the most serious nature ; and the second is, that it is a trivial

affection and will be outgrown. It may be briefly said that rickety scoliosis,

beginning early as it does, and persisting all through the years of growth, is

apt to do badly, and so do cases in which there is an hereditary history, and
those following empyema and pleurisy and infantile paralysis. The later

the age at which the deformity commences the better the prognosis, for the

nearer is the age at which spontaneous arrest may occur. If the bodily

health is well maintained the prognosis is better. Patients with long,

narrow, and yielding spines, who grow rapidly, are generally bad subjects,

and curvatures high up in the spine are troublesome to treat on account

of the difficulty of giving efficient support. To persist in an unsuitable

occupation naturally makes the prognosis unfavourable.

Prevention and Treatment.—The essentials of treatment of scoliosis are
—(a) To prevent the deformity if threatened

;
(b) To correct it when pre-

sent
;

(c) To maintain the correction.

(a) Prevention.—Careful attention should be paid to measures for im-

provement of the general health and nutrition. Weakly and town-bred
children should be sent away into the country, and general loss of tone

calls for massage, the use of the tepid bath in the morning, moderate
exercise, and simple and sufficient diet. Children suffering from rickets

or adenoids must be at once placed under treatment. All faulty positions

should be corrected, and suitable chairs and seats ordered. The chief points

in determining the suitability of chairs and desks may be thus enumer-

ated :—The back of the chair should be at an angle of 120°, and shaped

so that it fits the lumbar and dorsal curves, and supports the whole

spine. If the child be round-shouldered the back of the chair should be

carried up sufficiently high to support the head and cervical curve. The
seat should be of the same depth as the child's thighs, or a little less, and
about the length of his legs from the ground, and sloped backwards at an

angle of 10°. The distance from the top of the seat to the top of the desk

or table should be one-eighth of the height of a girl and one-seventh that
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of a boy. To all school desks a comfortable foot-rest inclined at an angle

of 20° should be added.

The various means of treatment for the correction of the deformity and
the maintenance of that correction are as follows :— 1. Treatment of a

general nature directed to the restoration of the general health. 2. Ee-
cumbency, to relieve the distorted spine of the superincumbent weight.

3. Postural methods which teach the patient the assumption of correct

attitudes. 4. Exercises so planned as to increase the strength of the weaker
muscles, and at the same time to bring into action to a less degree the
normal ones. With the exercises massage can be advantageously joined.

5. Methodical correction of the curves by manipulation by the combined
efforts of the patient and surgeon. 6. Artificial aids to the maintenance of

the erect position. But it should be noted at once that such aids should be
avoided as much as possible, and the more physiological methods tried.

There is no doubt that those cases are in a minority where any one
of the above means of treatment is alone applicable, and the keynote of

successful treatment lies in a judicious combination of the measures enumer-
ated, due care being taken to see that all predisposing causes are eliminated.

We will speak of these various measures in order.

Eecumbency can only be employed to a limited extent, and most cases

will not require more than one to three hours daily. It may be carried out
either in the supine or prone position, or in the lateral position with a
firm pillow placed beneath the ribs on the convex side. A Wolff's sus-

pensory cradle is useful for carrying out lateral decubitus. In slighter

cases partial recumbency for two to four hours daily is sufficient, and
Ward's reclining chair, adaptable to any angle, is of great value. Postural
methods :—All faulty sitting and standing should be corrected, and regular
drilling for half an hour daily may be resorted to. Patients who habitually
stand at ease should have any shortening of one leg compensated by a cork
sole. In cases of primary lumbar curvature Volkmann's oblique seat is very
useful. Exercises are of the greatest value, and of all forms the manipulations
designated Swedish are the best (see article " Theeapeutics "), and with the
exercises massage of the weakly muscles is extremely valuable. In addition
it is also important to develop the chest as much as possible by singing
exercises. Dumb bells and Indian clubs are spoken highly of by some
writers, but they are often unnecessarily heavy. Treatment by suspension
from two parallel horizontal bars is also useful, except in cases where the
spinal muscles are weak. When these bars are used the hand on the con-
cave side of the spine should be placed on the higher bar. Or a single bar
may be swung obliquely, and then the hand on the concave side is placed
on the higher part of it. Methodical correction by manipulation is useful,

and it is carried out as follows :—The patient lies prone on the couch with
the arms fully extended, and the couch is tilted slightly at the head. The
attendant then presses on the convex ribs in a direction forwards and to
the opposite side in such a way as to press all the prominent ribs in succes-
sion with the object of diminishing their projection, and so lessening the
rotation of the vertebrae. Of the various supports it is not necessary to
speak fully. Suffice it to say that they find their place in those cases in
which the deformity is so advanced that there is little hope of remedying it,

but of preventing it getting worse. Little children with rickety curvatures
are best placed recumbent and carried about in the wicker-tray designed
by William Adams.

The daily routine for a scoliotic patient in whom the deformity is fairly
well marked but is not fixed, and shows signs of lessening on suspension,
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should be as follows :—A tepid bath in the. morning, with friction of the

back. After breakfast manipulation and drill and manual correction for

about twenty minutes to half an hour, followed by rest for half an hour

;

then massage for about fifteen minutes, succeeded by recumbency and out-

door exercise. In the afternoon recumbency for one or two hours, and if

the patient is strong enough to bear it exercises again for fifteen minutes.

When the muscles remain persistently weak a light pair of spinal stays may
be called for ; the patient feels fatigue in attempting to hold herself erect.

These, however, should be dispensed with as soon as possible. Attempts
have been made to reduce lateral curvature by the forcible method, but
they have not been followed by such a portion of success as to commend
themselves to general approbation. Finally, it will happen that, in spite

of all the methods indicated, certain cases, especially those of paralytic

curvature, will get steadily worse, and one is obliged then to employ such

supports as poroplastic jackets.

Spinal Caries or Angular Deformity

Synonyms. — Angular curvature of the spine ; Potts' disease of the

spine.

Definition 316 General and Local Treatment 321
JEtiology and Causation 316 Complications . 322
Pathological Anatomy 316 Abscess and its Treatment . 322
Symptoms 318 Compression Paraplegia and its

Diagnosis 320 Treatment . 323
Prognosis of Uncompl' cated Deformity and its Treatment 325

Caries . . . . 320

Definition.— A morbid process occurring in the vertebra? usually

accompanied by absorption of bone and resulting in deformity.

JEtiology and Causation.—Spinal caries occurs generally during the

years of active growth and especially in early childhood. It frequently

follows exanthemata. From 40 to 60 per cent of cases are met with be-

tween the first and the fifth year, and then up to the age of twenty-five

years its incidence rapidly diminishes, but it is occasionally seen in middle

life and even in old age. It is seen as frequently in girls as in boys. There

is no doubt that the actual cause is deposit of tubercle in the vertebral

column either with or without a history of traumatism ; but the injury to

the back is the determining cause of the deposit of tubercle in that region.

The writer is sceptical as to the existence of purely traumatic Potts' disease

in the light of present knowledge.
Pathological, Anatomy.— The region most frequently involved is the

dorsal, particularly from the eighth to the twelfth dorsal vertebrae, while

the cervical and lumbar regions are less frequently affected. The part of

the vertebrse first attacked is undoubtedly the bodies, owing to the influence

of the superincumbent weight of the body and their cancellous structure.

In childhood each vertebra has an epiphysial plate on its upper and lower

surface, and here the disease frequently commences as a tubercular juxta-

epiphysitis. Thence it spreads to the intervertebral disc on one side and to

the body on the other. Occasionally the first sign of caries is seen at the

anterior aspect between the anterior common ligament, or the disease may
commence in the centre of the body or at its lateral or posterior aspect.

Again it may originate by several foci in different vertebras. Earely it

begins in the costo-vertebral articulations or in the transverse processes.
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The disease is a carious process, and the lesion is always accompanied by the

formation of tubercular granulation tissue, and one of the following events

may happen : (a) The granulation tissue is absorbed as fast as it is formed,

the bone disappearing gradually without the formation of pus (caries sicca),

but resulting often in considerable deformity. (&) The granulation tissue

breaks down and abscess forms, (c) In rapid cases portions of bone of

considerable size may ,be isolated by rarefaction and form sequestra,

always a serious event owing to the persistent suppuration which ensues.

(d) If the area involved is a small one, calcareous degeneration of granula-

tion tissue takes place and an encysted nodule forms which remains harmless

for years, (e) In some cases ossification occurs in the inflammatory material

and ankylosis of the affected vertebrae follows.

The ligaments, especially the anterior common ligament, become softened

and thickened, while the periosteum on the surfaces of the neighbouring

vertebrae becomes inflamed, and occasionally spicules of bone are thrown
out which may subsequently serve as supports to the new tissue formed
across the chasm at the site of disease. The immediate result of destruction

of one or more vertebral bodies is angular deformity, and it is the appear-

ance of this which occasionally leads patients to seek advice. As a rule

the deformity is antero-posterior, but in rapid cases combined with this

there is lateral deviation of the spine ; and this is doubtless due to de-

struction proceeding more rapidly on one side of the vertebral bodies than
on the other. It is important to recognise lateral deviation, as it has been
mistaken for scoliosis just as in the same way as scoliosis with projecting

vertebrae has been taken for Potts' disease. When considerable erosion of

the bodies has ensued the features of the lateral deviation are merged into

and lost in those of the general deformity of the column.
The extent of erosion and actual destruction of the bodies varies widely.

It may be so slight that little or no deformity is produced, or it may be so

severe that the upper part of the spine will be found at a right angle to the

lower. True dislocation rarely occurs, but merely a bending forwards of

the spine at the site of disease, and with this the spinal canal is often

widened, although the space for the spinal cord is limited by the presence

of granulation tissue, so that compression-paraplegia results.

Antero-posterior deformity of old standing may be recognised by the

following characteristics : The projection is rounded and has a bursa of

considerable size and density over its most prominent points. In advanced
cases—especially in the dorsal region—the shoulders are elevated and
droop forward, the sternum is prominent, the ribs are compressed from side

to side, the scapula raised, the neck shortened, and the head is thrown for-

wards and the chin is unduly prominent. Alterations in the position of

the viscera take place, and the writer has seen the apex beat of the heart
in the third intercostal space in the nipple line. Hilton Fagge drew
attention to the kinking of the anterior wall of the thoracic aorta (see

Fig. 1), and with it there was associated hypertrophy of the heart. The
lungs become compressed and the abdominal viscera are pushed down-
wards.

It is essential to keep a record of the deformity from time to time, and
this is best effected by taking an outline of the projection with a strip of

sheet lead, and then marking the outline of the curve so obtained on card-

board, and cutting it out to the pattern so drawn. An increase in the

degree of curvature may occur under two conditions : Firstly, when the

destructive process is going on quickly in the bodies ; and, secondly, when
active disease has ceased and healing is taking place, the bodies settle
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down. And then a further development of the posterior projection may
follow, unless the spine is properly supported.

Symptoms.—The history is not as a rule very trustworthy, but careful

inquiry should be made as to the presence of tuberculosis in the family.

Pain is present in the majority of cases, and a characteristic of the pain of

spinal caries is that it is felt not so much over the site of the disease itself

as at a distance, that is to say, it is reflected pain. This is the reverse of

what obtains in so-called hysterical spine and railway spine, and it is im-
portant to remember this generalisation. Beflected pain assumes the form
of headache or shooting pains in the arms in cervical disease ; of sternal

Fig. 1.—Kinking of the aorta in spinal caries.
' : Section of the spine showing extensive caries of the vertebra

with angular deformity. The last four dorsal vertebra; are greatly diseased, the two middle are nearly
destroyed, and the portions of the upper and lower have fallen together. The other dorsal vertebras are
also affected on their anterior surfaces." (Guy's Hospital Museum, 1290.)

pain or neuralgia in the side in dorsal disease ; of stomach-ache or girdle

pain in dorso-lumbar, and of growing pains iii the lumbar form of the affec-

tion. It is liable to increase on sudden movements, and occasionally night-

starts occur. Pain may be elicited sometimes by pressure over the spinous

processes, and movements of flexion and extension and rotation will also be

painful. The method of jarring the spine by sudden pressure on the

vertex in the erect position is a cruel and unnecessary test. A sudden
increase of pain is often symptomatic of onset of abscess, increase of the

deformity, or the commencement of paralysis. But when treatment is

effectual the first result is gradual decrease and finally loss of the pain.

The general symptoms are those of loss of flesh and malaise, want of
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appetite, slightly raised temperature in the evening, and in addition cough.

Dyspnoea and gastric disorders may be met with at the onset of the disease.

Dilatation or constriction of the pupil has been observed both by Charcot

and Gowers in cervical caries.

The Signs of Spinal Caries.—The earliest and the most important of all

is rigidity, in the first place, of the muscles on either side of the affected

area, and later of the vertebras affected. Muscular rigidity can be deter-

mined by palpation, and rigidity of the affected vertebras can be detected
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Fig. 2.— Caries of the spine. Compression of the cord partly by displaced bone' and partly by
granulation tissue. (Guy's Hospital Museum.)

by directing the patient to flex and extend the spine. The affected

vertebras will then be felt to move en bloc, and not in succession. In more
advanced cases the rigidity is demonstrated by inviting the child to pick

up a small article from the floor.

In disease of the lower cervical or upper dorsal region there is short,

grunting, spasmodic respiration due to the attempt to keep the chest and
spine as rigid as possible and so to avoid pain. In early cases, in suspected

disease of the dorsal and lumbar region, the extensibility of the spine may
be tested by laying the patient on, his face, and then gently lifting the feet

from the couch and noting the amount of extension in the lumbar part of
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the column. The attitude and walk of a child afflicted with caries

—

whether it be in the cervical, dorsal, or lumbar region— is perfectly

characteristic. The attitude may be summed up as a military attitude, or,

as Professor Sayre says, " the child places himself in a muscular splint."

As the disease progresses there will be irregularity of the spinous pro-

cesses or projection of one or more of them, with alteration of the normal
curvature. Thus the cervical curve will become flat or convex posteriorly,

the dorsal region will very early show posterior projection, and the lumbar
region will first become flat and then somewhat convex. Thickening will

be felt around the affected vertebras when the disease has been well

established ; and in the grave stages of caries, if the palm of the surgeon's

hand be gently and firmly pressed over the posterior projection, the bones
will be felt to yield unduly. But as repair and healing takes place yield-

ing is replaced by a distinct resistance. To sum up the symptoms, rigidity

must be regarded as the first and most important symptom—the patrol of

disease. Note the patient's aspect and walk on entering the room, observe

the attitude he assumes at rest, trace pains to their sources, search for any
irregularity of the vertebras, place little reliance on the history, and be

on the look-out for abscess and paralysis.

Diagnosis.—There is probably no disease in which so many mistakes are

made as in early spinal caries, and errors can only be avoided by very careful

examination. Thus any child who complains of pain in the stomach should
have his back looked at, and the examination be repeated from time to time.

In infancy and early childhood rickety kyphosis is not uncommon, but the

presence of other signs of rickets, the general yielding of every part of the

back, the distribution of the curve over the whole back, its disappearance on
suspension or lying down, the extreme extensibility of the spine, and the

absence of localised pain, are sufficient points of distinction. In young adult

life, especially in girls and young women, in neurotic boys and in men after

railway accidents, we find the hysterical or neuromimetic spine. In such
cases the pain is patchy, it does not follow the course of nerves, but it is

limited to certain local areas with more than one point of special intensity,

and it may also frequently change its seat. Unsuspected watching of the

case and carefully repeated examination of the back are necessary. Yet
there is great danger that caries of the spine in a young woman may be put
down as hysterical. Still more if the subjects of caries present distinct

signs of hysteria there is a risk that unequivocal signs of caries may be

overlooked.

The diagnosis between angular deformity and lateral curvature is quite

easy as a rule : the only confusion arising in those cases in which caries is

associated with lateral deviation of the spine or scoliosis is associated with
prominent vertebras. But it should be observed that in caries with lateral

deviation there is no prominence of the ribs, and the distortion is not a

sinuous curvature, but it seems as if the upper part *of the spine were
slipping off the lower. In cervical caries confusion may arise between it

and wry-neck. But in wry-neck the movements are free in every direction,

save when the contracted muscle is pulled upon ; whereas in caries move-
ment is limited in every direction. The writer has known dorsal disease to

be mistaken for pleurisy and for perinephritis and perityphlitis, and lumbar
disease to be mistaken for hip disease or sacro-iliac disease.

Prognosis of Uncomplicated Caries.—In uncomplicated caries it may be

said that the prognosis depends upon the following factors : the stage at

which the disease is diagnosed—of course the earlier the better ; the social

surroundings of the patient ; and the surgical care and nursing which he
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can obtain. In these events the outlook is by no means very serious, and
many patients recover entirely, and become vigorous men and women. But
far different is it for the children of the poor, who are often unfortunately

unable to command all these attentions. Too often the disease assumes a

retrograde form, and abscess or general tubercle follows. The actual per-

centage of recoveries is difficult to estimate, since the cases must be watched
through so long a period. But Neidert investigated thirty-one cases, and
the average age at the time of death was forty-nine and a half years.

Treatment.—In spite of the severe nature of the disease, cure may often

be effected, especially if the case comes under skilled observation in its

earlier stages, and deformity may and should be prevented. The method of

cure is by ankylosis, and when the disease is treated early and thoroughly,

and the number of vertebrae affected is small, the patient recovers with a

very useful back. The treatment may extend over years, and the writer is

disposed to think that its duration is often shorter than is required, and for

want of continued supervision many cases relapse.

The general treatment is comprised in fresh air, sunshine, regular and
plentiful food.

Local Treatment.—The principles are three in number : (a) To keep the

spine as still as possible, and to place it under the best circumstances for

healing
; (b) to remove the weight of the upper part of the body from the

diseased vertebrae
;

(c) to prevent the occurrence of deformity, and if de-

formity has occurred, to endeavour to decrease it. To carry out these

principles we have two methods at our disposal, recumbency (and with this

may be combined methods of gradually extending the spine, if there be

deformity), and the use of retentive apparatus.

The indications for recumbency are as follows : in all acute cases,

when on employing the palm-pressure test to the back it is found to yield

anteriorly, also when abscess and paralysis are threatened, and particularly

in cases of severe cervical and lower lumbar caries. In children recumbency
may be resorted to with less danger to the general health than in adults.

The immediate effects are good, the pain disappears, the nervous irritability

is lost, the face loses its anxious aspect, and the patient puts on flesh. The
disadvantages of recumbency can be combated by keeping the patient in

the fresh' air. It is difficult to speak of the duration of recumbency, and
each case must be judged on its merits. But it may be said that when the

patient becomes restless, moves his arms and legs freely, and attempts to

turn over, and can do so without pain, then the time has arrived for the

child to sit up with proper supports. The objects of simple recumbency
have been stated, but the removal of intravertebral pressure is desired also,

and this can be accomplished by arching the back forwards at the site of

disease. A very efficient apparatus is the gas -pipe frame, which was
originally designed by Schapps of New York, and has been improved by
Bradford and Lovett. 1 If the spine is placed in the extended position, there

is no necessity to apply weight extension either to the head or to the feet.

But in little children it is necessary to prevent movement, and for this

purpose a Fisher's bed frame answers admirably. Phelps of New York has

designed a special box arrangement for cases of spinal caries in the poorer

classes, but although useful for carrying them about, it is by no means
sightly.

When the surgeon is satisfied that the severer symptoms have subsided,

the spine is firm, and the possibility of abscess or other complications is

slight, it is well to adopt a combination of the methods of partial re-

1 Orthopcedic Surgery, 2nd edition, p. 42.

VOL. XI 21
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cumbency and fixation appliances. All complicated arrangements are to

be avoided as much as possible ; in the plaster of Paris jacket properly-

applied, to some extent in the poroplastic jacket, and in a Taylor's brace of

the latest model, most of the needful requirements are fulfilled. Briefly,

these are that every apparatus must firmly fix the site of disease, that all

weight must be taken off the affected region by transference of pressure

from diseased to healthy parts ; the apparatus must be comfortable, cleanly,

and removable, and pressure on the skin and chafing must be avoided. If

the apparatus is inexpensive and can be readily applied by the surgeon, the

greater is its merit. Taking a case of dorsal caries there are three fixa-

tion points : the pelvis, the site of disease behind, and the depression in front

between the chest and the shoulder-joint. And from the latter points the

forward push of the upper part of the body can be restrained.

An important question is, When may treatment be dispensed with in

spinal caries ? The absence of pain is no test, since pain naturally ceases if

a support be worn. But if pain ensues on removal of the support, the jacket

must be put on again. Then if the deformity has remained stationary for a

year or two, the support may gradually be dispensed with under careful

supervision. But in all cases it should be remembered that if the curvature

be at or immediately above the eighth dorsal vertebra, axillary crutches

and shoulder-straps should be used, and if it be above the fifth dorsal

vertebra, a head support must be added to the spinal one.

The Complications of Spinal Caries.—The most important are abscess,

compression-paraplegia, and deformity.

Spinal Abscess.—The tendency to the formation of abscess is greater the

lower in the spine the disease occurs. And, roughly, it may be said that in

out-patient practice about one case in ten develops an abscess. But the

earlier the treatment is begun, and the more efficiently it is carried out, the

less liable are abscesses to form. Yet it must not be assumed that the

occurrence of abscess is evidence of incomplete treatment, for in many cases

an abscess cannot be avoided. In the cervical region when an abscess forms,

the direction the pus takes depends very largely upon the relation of the

suppurative focus to the deep cervical fascia. Thus pus may pass directly

forwards, and form a post-pharyngeal abscess with its dangerous train of

symptoms, or it may pass laterally and appear at the anterior margin of the

trapezius, or directly backwards and appear on either side of the vertebrae.

Sometimes, however, it tracks downwards, enters the posterior mediastinum,

and opens through an intercostal space posteriorly. Pus formed in the

dorsal region, if it come from the upper or mid dorsal spine, appears as a

dorsal abscess following the course of the posterior branches of the inter-

costal arteries. If pus arises in the lower dorsal vertebrse, it passes beneath

the ligamentum arcuatum internum and forms a psoas abscess. If it arises

in the dorso-lumbar and lumbar region, it may give rise to either a psoas,

lumbar, iliac, or pelvic abscess, and its course is dependent upon the rela-

tion of the suppurative focus to the attachments of the lumbar fascia. The
contents of the abscess vary ; sometimes they are serous, or sero-purulent

fluid with caseous masses. In old-standing cases the contents are cheesy,

and in almost all cases fragments of carious and necrotic bone are found.

The future course of an abscess is variable, but the great point is to prevent

it bursting spontaneously and without antiseptic precautions, because the

abscess track may become septic and persistent suppuration ensue. The
question of spontaneous absorption arises, and there is no doubt that some
of these abscesses become smaller in size, but this is due to absorption of the

more fluid contents of the abscess sac, leaving behind a residuum of cheesy
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or calcareous material, in which numerous tubercle bacilli can occasionally

be detected.

Treatment.—The methods of treating spinal abscess are many, and they

are the following:—The expectant, by aspiration, incision and drainage,

incision and cleansing of the cavity and sewing up. The method which

the writer has pursued for the last five years in the treatment of these

cases is as follows :—All cases of spinal abscess should be placed at rest and
carefully watched, and sometimes it happens that the abscess spontaneously

diminishes in size, and it is better to let it alone. But if it steadily

increases in size, it is well to wait until it comes to a point easily accessible

to treatment. Take, for example, a psoas abscess which appears above and
below Poupart's ligament. When the abscess is approaching the sub-

cutaneous tissues it should be opened in at least three or four places,—one

incision, if possible, being in the lumbar region, one in the iliac region, and one

below Poupart's ligament. The contents are then evacuated, and the abscess

sac is thoroughly washed out with sterilised water, and cleansed and dried

with sterilised sponges. Either iodoform emulsion, or better still, a solution

composed as follows : Menthol 3j. dissolved in §j. of alcohol, and then added

to one pint of glycerine and well mixed, should be injected, and the sides

of the abscess cavity well rubbed with it. The excess of the menthol
solution is then removed, all the apertures immediately stitched up, pressure

pads placed along the course of the abscess cavity, and firm bandages applied.

Very often the abscess heals by primary union, but occasionally it happens
that a little fluid collects beneath one of the incisions, and can be evacuated

aseptically later. When the child is kept at rest no further trouble ensues

from the abscess if the case be merely one of caries. But if necrosis is

going on in the vertebrae, a re-collection of pus must be looked for which
must be treated on the same lines.

Compression-paraplegia.—It occurs sooner or later in about one in

eight cases of spinal disease, but fortunately is by no means a prominent
complication in most instances. It is not due, except in rare instances,

to direct pressure of bone on the spinal cord, but it arises from the presence

of granulation tissue in the spinal canal, or is due to the formation of

intraspinal abscess ; or—as the writer believes—the most frequent cause is

the thickening of the membranes, a tubercular pachymeningitis. With
reference to pressure on the cord by pus, it is a very true observation that

abscess and compression-paraplegia are very seldom associated, and further,

that if an abscess makes its appearance the nerve symptoms subside. Un-
fortunately, when paralysis has existed for some time ascending and
descending degenerations set in. The paralysis is usually bilateral. It

affects the legs generally, although the arms may suffer later, or both may
be paralysed. Its onset is, as a rule, gradual, occasionally sudden, and
Sir William Gowers mentions the case x of a child aged three, a sufferer

from disease of the cervical vertebrae, who lost the power of moving the

legs in the course of twenty-four hours. During the second day the left

arm became paralysed, and at the end of a week the right arm.

The effect of the peripachymeningitis on the spinal cord itself is as

follows :—It suffers slow compression and becomes much narrowed, even to

the size of a goose quill or less, and then it undergoes myelitic softening,

which is followed by increase of the neuroglia, sclerosis, and ascending and
descending degeneration. At the same time the nerve roots suffer from
pressure and exudation of new material round them.

Symptoms of Compression-paraplegia.—These necessarily vary with the

1 Diseases of Nervous System, 2nd edition, vol. i. p. 347.
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site of disease. The onset is in some cases very sudden, and is due then

either to displaced bone, rupture of a blood-vessel, acute myelitis, or tuber-

cular meningitis. As an instance of acute onset another case of Sir

"William Gowers may be quoted: "A woman, aged forty -five, who had
suffered from pain in the spine, one day sneezed violently three times,

and immediately felt ' pins and needles ' in the right knee and foot. The
right leg became powerless during the next three days, the left leg followed

suit, and at the end of six weeks both legs were motionless. She died six

months later." The symptoms may be best arranged, not in the order of

their onset, but from a functional point of view.

(a) Motor.—The patient complains of being tired easily, and the legs

begin to drag and the toes to catch in walking. Then follow loss of

equilibrium and inability to move the lower extremities. If the disease

is in the cervical region, the arms suffer before the legs.

(b) Sensory.—The most usual sign of onset is a girdle pain due to

irritation of the nerve roots. Oftentimes there is no anaesthesia, for sensa-

tion is at times present when motion is lost. Anaesthesia dolorosa in

patches is not uncommon.
(c) Kefiexes.—The superficial ones are exaggerated, and so too are the

deep, especially of the knee and ankle, but when degeneration has set in

they are lost.

(d) The Sphincters.—Incontinence of urine and faeces occur in severe

cases.

(e) Trophic.—The affected muscles waste and reaction of degeneration is

more or less marked. Before wasting occurs, distinct spasm of muscle is

found, notably if the disease is in the dorsal region. Acute bed-sores are

not uncommon.

(f) Vaso-motor.—The limbs are often cold, and sometimes perspire per-

sistently.

(g) Special to Various Eegions.—In the cervical region the pupil may
be dilated or contracted, and sweating of one-half of the forehead may be

marked. In the dorsal region the intercostal muscles are affected ; and in

the lumbar region the knee and ankle reflexes are lost.

Prognosis.—A very large proportion of these cases recover under treat-

ment by recumbency and without operation. The number is said to vary

between 55 and 83 per cent, and some cases have had four attacks and
many three attacks with a good recovery.

Treatment.—The treatment is of two kinds, conservative and operative.

The expectant or conservative plan of treatment is undoubtedly the best,

and its prognosis is exceedingly good. It necessitates complete rest in

bed, with extension of the spine, by weights applied to the legs and
counter-extension of the shoulders and the neck, or by the use of the

convex couch of Bradford and Lovett, or by means of a suspension couch

;

and the time needed for recovery varies from a few weeks to fifteen to

eighteen months. Bed-sores should be carefully guarded against.

Treatment by operation is either by forcible extension of the spine or

by laminectomy. Of 31 cases in which paralysis was present, 17 were

relieved by forcible extension, 4 were partially relieved, 2 were unrelieved,

and no statement was made as to the paralysis in 8 cases. But, un-

fortunately, there is no information as to whether any attempts to

relieve paralysis by this method were fatal. If prolonged treatment

by recumbency and by forcible extension fail, then it is necessary to con-

sider the propriety of laminectomy. The statistics of this operation are

not very reliable, because it is not distinctly stated in how many cases
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the treatment by recumbency had been tried. And knowing the great

probability of cases recovering spontaneously in that way, it is justifiable

to surmise that some of the laminectomy cases would have recovered with-

out the operation. This remark, however, can only be applicable to the

minority of recorded cases. Laminectomy, however, can only be considered

as a remote hope. The risks of the operation are very considerable. Of
75 cases collected by Lloyd 29 died, and in 58 surviving cases there

were 20 recoveries, 7 were improved, and in 8 no good result followed.

So that the prognosis of the operation, both as to the possible cure of

the disease and as to life, is by no means good, and it is not applicable

to those cases where symptoms of extensive degeneration of the cord
are found.

Deformity.—Deformity may be called a complication of spinal caries,

and is by no means a necessary result of the disease. If cases are

recognised and treated from the first, it is not too much to say that little

or no deformity should appear. But, unfortunately, such an ideal result is

not always possible. The amount of deformity varies from a slight pro-

jection of a spinous process to a prominence implicating the greater part of

the dorsal and lumbar region. The amount of deformity depends upon the

degree of destruction in the vertebral bodies. It also has a direct relation

to the thoroughness of the treatment. By insisting upon early and
sufficient recumbency with the spine in a fully extended position healing
will often take place in a most satisfactory manner. The only difficulty is

to maintain this corrected position by suitable supports, the usual errors

being that the supports are neither firm enough nor carried sufficiently

high.

Eectification of the deformity, or forcible correction of the spine, has
been revived by Chipault of Paris, and largely practised by Calot of Berck-
sur-Mer. Chipault wired the spinous processes together, a method which
was first described by Hadra. Contrary to anticipation, forcible correction

of the spine is not attended with so much risk as is supposed, and rectificaT

tion has been successful in relieving patients of paraplegia. Accidents
have been recorded, such as rupture of abscesses, rupture of the pleura, and
the onset of acute tuberculosis. In a paper which Messrs. Jones and
Tubby read at the Clinical Society in 1901/ of 99 cases which
had been watched for over three years, the number of deaths was not
greater than that ordinarily occurring in Potts' disease ; while the number
of cases of paraplegia cured contrasted very favourably with the results

obtained by laminectomy. Bradford and Lovett have collected together
610 cases recorded by twenty-nine operators. Twenty-one deaths were
reported, but no case showed effectual effort at repair in the sense of

bridging over the gap, one being examined two and a half years subsequently
to correction. Thirty -one cases had paralysis previously, and 17 were
relieved. The effect on the deformity was as follows:— Of 229 cases

where this point is stated, complete correction was obtained in 119, in-

complete in 94, and no gain occurred in 16. The result three months
later was as follows :—In 66 cases there was no relapse in 17, some relapse

in 44, and total relapse in 5.

While the operation is an easy one, and often requiring very little

force, and while the immediate results are so satisfactory, the greatest
difficulty is experienced in maintaining the correction, and no one should
undertake a case who is not prepared to see it at least once a month and
watch it keenly for several years. In many cases no anaesthetic is required,

1 See Clin. Soc. Trans. 1900.
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and it is astonishing with what ease an apparently firm projection yields

to manual pressure when the patient is fully extended. Goldthwait of

Boston employs a special frame with a mechanical contrivance for gradu-

ally exerting pressure, and so reducing the deformity. An important

point is that not too much should be attempted at one sitting, and it is

better to do a little at a time, leaving intervals of at least a month
between. A judicious selection of cases is a matter of the greatest import-

ance, and the following should be excluded :—Those presenting a very

large degree of old-standing deformity where it is evident that ankylosis

has taken place. Adults are not favourable subjects for the treatment,

nor should it be attempted if abscess be present, on account of the danger

of rupturing the abscess wall. If active tubercle exist elsewhere, operative

treatment of this kind is precluded. Cervical and high dorsal cases do not

give satisfactory results. On the other hand, favourable cases are those

occurring in children and adolescents where the curvature is not of very

great size and is recent ; where no signs of tubercle are present elsewhere,

the general health is fair, and the child can be adequately supervised for a

long period afterwards. Other things being equal, compression-paraplegia

not yielding to recumbency is a distinct indication.

Other Affections of the Spine

Lordosis .... . 326 Osteomyelitis . . 328
Rickets .... . 326 Typhoid Spine . 328
Kyphosis .... . 326 Syphilis of the Spine . . 328
Osteomalacia . . 327 Malignant Disease of the
Osteitis Deformans . . 327 Spine .... . 329
Spondylitis Deformans . . 327 Hysterical Spine . . 329
Spondylolisthesis . 328

Lordosis is an exaggeration of the normal lumbar curve. It is found

normally in women of some races—and in almost all cases where the abdomen
is distended by fat, ascitic fluid, tumours, or pregnancy. Lordosis of paralytic

origin is associated with pseudo-hypertrophic paralysis, progressive muscular
atrophy, and occasionally acute anterior poliomyelitis. A compensation
lordosis is met with in congenital hip displacement, in acquired hip disease,

and in coxa vara. It is also found in children the subjects of rickets,

because the heavy, pendulous abdomen requires a certain counteracting

force in the spine to maintain the upright position. Spondylolisthesis also

produces a condition of lordosis. And there is a class of cases occurring in

infants in which the head is retracted and the posterior cervical muscles are

rigid. Such cases are often mistaken for meningitis, but they are reflex

and due to injudicious feeding. The treatment of lordosis depends upon
the cause.

Kyphosis, not due to caries, may be classified as follows :— (1)

Kyphosis of infancy due to feeble muscular development and rickets

;

(2) Kyphosis of childhood, due to rickets, acute anterior poliomyelitis,

pseudo-hypertrophic muscular paralysis, hereditary hump-back ; and it is

also met in association with chest deformities arising from adenoids and

nasal obstruction
; (3) Kyphosis of adolescence or round shoulders

; (4)

Kyphosis of adult life, due to (a) occupation, e.g. in cobblers, tailors, and

porters, (b) muscular and gonorrhceal rheumatism, (c) arthritis deformans,

(d) osteitis deformans, (e) osteomalacia, (/) progressive muscular atrophy,

and (g) bronchitis and emphysema. It will therefore be seen that
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the causes are very diverse. In infants and very young children rickets

causes so much weakness that they are unable to sit upright. When
the case is very severe, and the back almost powerless, the child should be

nursed as much as possible in a reclining position, or carried about in a

padded wicker tray. For older children who sit up, but with a bent back,

a backboard of leather with axillary and perineal straps attached is very

useful. Of course the diagnosis from spinal caries should be carefully

made. In childhood, if the posterior curvature persist, the best treatment

is a combination of recumbency, douching and shampooing, active and
passive exercises of the muscles, and a support. It should be remembered
that persistent antero- posterior bowing of the spine in children is often

a prelude to scoliosis later. Therefore it is essential to remove all possible

causes, especially adenoids and nasal obstructions. Eound shoulders are

frequently the result of a so-called weak spine due to too rapid growth,

chronic illness, or general debility, and the groups of muscles which are

particularly affected are the trapezii and the serrati magni. Flat foot often

coexists with this condition. The treatment consists in removing the

causes, improving the general health, strengthening the enfeebled muscles,

and in correcting the existing deformity. One of the most potent causes is

faulty positions at school and in piano practice, and, no doubt, the length

of lessons is much to be deprecated. To correct any deformity the chief

reliance must be placed on gymnastic exercises. Artificial supports in the

majority of cases are faulty in theory and pernicious in practice. The object

of the exercises should be expansion of the chest, straightening of the back,

and an erect carriage of the head.

In old age kyphosis is due to general wasting of the tissues, and absorp-

tion of the intervertebral discs, particularly in the dorsal region.

Osteomalacia.—The forward bending of the spine, which may be very

extensive, is due to softening of the bones and ligaments. Unfortunately

little or nothing can be done for it.

Osteitis Deformans (Paget's Disease). — Kyphosis is one of the

characteristic symptoms of this disease, and the spine becomes prominent,

particularly in the cervical and upper dorsal regions, and the head falls

forward on to the chest. The spine is rigid and painful. Osteitis deformans

has been shown to be a chronic inflammatory disease affecting the bones of

the cranium, of the spine and pelvis, and the long bones, and it is eventually

fatal.

Spondylitis Deformans is also called rheumatism of the spine,

or rheumatoid arthritis of the spine. Some cases present a similar condi-

tion to that in arthritis deformans. But it seems that in cases of spondy-

litis deformans the spine is first affected, while in arthritis deformans the

joints of the extremities first suffer. Spondylitis deformans occurs in

children occasionally, but most frequently in young male adults, and is

often preceded by a history of gonorrhoea. The pathological changes are

very similar to those produced by arthritis deformans, with the addition of

ossification of the spinal ligaments, and intervertebral substances and
fusion of the vertebras. A certain group of these cases, one of which was
described by Pasteur in 1889, shows implication of the muscles and soft

parts, and scleroderma is associated with the condition. The symptoms
are as follows : constant pain, occasionally becoming acute, gradual loss of

movement in the back, exaggeration of the dorsal curve, and flattening

of the lumbar curve. The disease appears first of all in the lower dorsal

and lumbar region, and gradually spreads to the cervical area until the

whole spine is rigid. It then affects the costo - vertebral articulations,
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so that the movement of the ribs is lost in respiration. After a time
stiffening of the shoulders occurs. The disease is of an extremely chronic

nature, and treatment seems to have little or no effect. Pain may be
mitigated by hot fomentations or by electricity and massage, but active

and passive movements are to be avoided, and they are often harmful.

Spondylolisthesis.—The definition of this term is a slipping forward

of the body of one of the lumbar vertebras from the bone immediately below
it. We say the body advisedly, because the laminae and spinous processes

remain practically in place. The usual vertebra affected is the fifth lumbar,

sometimes the fourth, and slipping of the first sacral vertebra has occurred

in one recorded case. The displacement varies in degree, and the inter-

vertebral discs may be obliterated or replaced by an arthrodial joint. The
pedicles of the affected vertebra may elongate, or the arch is completely

separated from the body. Neugebauer gives the following causes

:

separation of the vertebral arch due to congenital defect or to fracture,

disease of the sacro-vertebral articulation, and bony changes the result of

pressure. It occurs most frequently in women, and at puberty or shortly

afterwards, and many of them say that they have had a severe accident.

Some cases seem to be associated with pregnancy. The symptoms are

lessening of the obliquity of the pelvis, combined with lordosis, and
Neugebauer states that these are characteristic signs. A vaginal examination
reveals a bony prominence and the lessening of the conjugate diameter.

As the neural arch is not displaced there is no irregularity in the outline

of the spinous processes. Occasionally symptoms arising from bony
pressure on the viscera occur. The treatment consists in supporting the

lumbar spine until reunion of the affected vertebras has taken place.

Acute Osteomyelitis of the Spine.—This is a similar condition to

that which affects the long bones, and it is directly due to the streptococcus

and staphylococcus pyogenes aureus following an injury or secondary to

suppuration elsewhere. It is particularly prone to affect adolescents at the

time of most rapid growth.

The symptoms are those generally due to osteomyelitis and the local

signs of acute inflammation of the vertebras. Subsequently pus forms, and
paralysis is said to have been present in one-third of the recorded cases.

The mortality is very high, and the only treatment is evacuation of the pus
when possible and supporting the spine.

Typhoid Spine.—Gibney of New York has described an inflammation
of the perivertebral structures, accompanied by excessive pain and stiffness

coming on after typhoid fever, and the writer has himself seen two
interesting cases, one in a child of six, and one in a young woman of

seventeen. The symptoms are excessive pain and stiffness of the back, but
the prognosis is good.

Syphilitic Disease in the Spinal Column.—The balance of clinical

evidence seems to show that syphilis affects the spinal column in the form
either of caries or gummatous deposits. And in the cervical region, which
is most frequently affected, the disease appears to originate in a specific

ulceration of the pharynx. Such a case is recorded, and a specimen is

figured by Hilton. 1 Other instances are quoted by Howard Marsh, and
Keeves mentions a case of syphilitic caries in a boy who coughed up portions

of his vertebras which had penetrated the lung. Fournier's classical case

of syphilitic disease of the lumbar spine is quoted by Barker.2 The
diagnosis is difficult, and rests largely upon the history of infection, the

1 Rest and Pain, p. 111.
2 Holmes' System of Surgery, 2nd edition, vol. ii. p. 421.
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presence of specific deposits elsewhere, and the results of antisyphilitic treat-

ment. But in spite of these tests it is difficult to exclude tubercle as a

contributory or exciting cause of the disease in the vertebrae, and records of

post-mortem examinations are peculiarly wanting.

Malignant Disease of the Spine.— The forms of malignant new
growth are sarcoma and carcinoma. These are rarely primary, but are

commonly secondary to neoplasms elsewhere. The disease begins by a

deposit of malignant cells in the vertebral bodies, and the bone is gradually

replaced by the diseased soft tissue, so that deformity results. Occurring as

it does most usually in the lumbar vertebrae, the deformity is less than it

would be in the dorsal vertebrae, and if pain is absent—as occasionally

happens—the disease is not recognised during life. But in by far the

majority of cases the pain is so extreme and agonising, and is referred so

constantly to the back, that this in itself is diagnostic. Paralysis due to

pressure on the spinal nerves often complicates the case.

Hysterical Spine.—The diagnosis of this condition is very difficult,

and we must remember that many cases are thought to be hysterical which

by subsequent history are proved to be due to distinct disease. Before a

patient is said to have hysterical spine a careful examination should be

made. It frequently follows a minor injury, such as occurs in slight rail-

way accidents. The pain is most acute over certain vertebrae, unlike the

pain in Potts' disease, which is rarely severe over the diseased vertebrae, but
is mainly felt at the periphery. The pain is subacute, increased by fatigue,

and there are local areas of hyperaesthesia. The more attention is given

to the back the greater the pain, and some patients hold their backs very

stiffly while being observed, but when off their guard they will move their

backs with freedom. But it should be noted that there is no deformity,

and even if hysterical paraplegia supervenes the absence of a localised pos-

terior projection will be a point in favour of hysteria, since it is rare for

paraplegia to occur without some deformity in Potts' disease, although it is

not quite unknown. The treatment consists in improving the general

health, careful feeding, massage, and exercises to strengthen the spinal

muscles.
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Lumbar Puncture

Lumbar puncture, or puncture of the spinal canal, was introduced by
Quincke in 1891 for the relief of excessive intracranial pressure in hydro-

cephalus, and has since been extensively used both for purposes of diagnosis

and treatment. The method of performing it is as follows : the skin of

the patient over the lumbar spine and its neighbourhood is thoroughly

sterilised, and a sterilised trochar is introduced 5 to 10 millimetres on one
side of the middle line between the third and fourth lumbar vertebrae, and
passed for 2 centimetres in children, and from 4 to 6 centimetres in adults,

slightly inwards. In elderly subjects the point is directed upwards as

well inwards, until the point of the trochar is felt to be in the sub-

arachnoid space. An excellent summary of the procedure is given by
Hand. 1 The physical and chemical examination of the cerebro-spinal fluid

and pathological examination of the same have yielded fair results, but it

may be stated at once, while positive evidence is of value, negative results

1 American Journal of Medical Sciences, October 1900.



330 SPINE, SURGICAL AFFECTIONS OF

are far from conclusive. It has been shown that fibrin always forms in

meningitis when the fluid is allowed to stand, but it is absent in cerebral

abscess. Blood is due either to the puncture of a vessel, but it also has its

origin in injuries to the head or spine, sub-dural hemorrhages, or haemor-

rhage into the ventricles. If the fluid be turbid, it is said to be an indica-

tion of infective meningitis. In tubercular meningitis the fluid may be

almost clear. The normal amount of glucose is 4-5 centigrammes per 100,

and this is increased in pneumonia, but is absent in the later stages of

tubercular meningitis, and that variety caused by Weichselbaum's meningo-
coccus or Fraenkel's diplococcus. In tubercular meningitis and some cases

of cerebral tumour and haemorrhage the normal amount of albumin is

increased. In 1898 Stadelmann stated that in tubercular meningitis

tubercle bacilli were only found in 22 per cent of the cases. In suppura-

tive meningitis the fluid is turbid or purulent, and contains meningococci,

pneumococci, staphylococci, and streptococci. But occasionally in un-

doubted cases of meningitis complicating middle ear disease a clear fluid

with no bacteria is found. Typhoid bacilli have been found in two cases,

and the bacterium coli communis has also been demonstrated.

From a therapeutic point of view lumbar puncture has been disappoint-

ing. It does not relieve the symptoms of hydrocephalus nor of tubercular

meningitis. Some temporary improvement may follow the withdrawal of

a small quantity of fluid in suppurative meningitis, but in cerebral tumour
there is no doubt the procedure acts unfavourably. Some punctures have
been followed by sudden death. In apoplexy, haemorrhage, pachymeningitis,

cerebral haemorrhage, and embolism puncture is dangerous. Some tran-

sient success has followed its use in uraemia, lead poisoning, and in para-

plegia.
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Spinal Cocainisation to produce Surgical Analgesia

It seems that Dr. Korning of New York first employed this method,

although the credit has been given to Bier of Kiel, and it has been largely

advocated by Tuffier of Paris.

The method of injection is as follows : the skin, the Pravaz syringe,

and the needle having been very carefully sterilised, the operation may be

painlessly performed by injecting some Schleich's analgesic fluid beneath

the skin. The needle is then introduced at the following point, the patient

being seated. A transverse line is drawn between the posterior superior

iliac spines, a point taken slightly to one side of the midpoint of this

line, and the spinal canal is entered. After making sure that the needle

is in the subarachnoid space, by observing that a few drops of cerebro-spinal

fluid can be withdrawn, the injection is made.

A 2 per cent solution of cocaine is used, and 15 to 25 minims injected.

If, however, 5 minims of a 2 per cent solution of cocaine be mixed with

25 minims of a 4 per cent solution of antipyrin, it is found to be quite

sufficient for an extensive hsemorrhoid operation by the cautery on a

vigorous man, according to G. K. Fowler. Tuffier is the great advocate for

the production of analgesia by this method, and has performed 252

major operations with it, many of which were severe abdominal ones.
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But he notes very unpleasant symptoms in some cases afterwards, and

deaths have been reported, though not in his practice. Generally, its

disadvantages may be said to be as follows :

—

The injection of cocaine into the lumbar region does not produce anal-

gesia above the diaphragm. The possibility of septic complications

following the puncture and injection must be considered. It is much
more toxic in its effects than chloroform or ether, and is probably more
fatal than ether. It often fails to produce the required degree of anaes-

thesia, and causes much delay. And the patient, being conscious, realises

what is being done to him. Finally, the procedure does not appear to have

any advantages over the methods of general anaesthesia, and there is not

sufficient evidence that its employment is justifiable.
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Caisson Disease

Syn.—Compressed Air Disease ; Diver s Paralysis.

A disease produced by immersion in an atmosphere of compressed air.

The clinical features involve mainly the nervous system, and comprise

pain in the limbs, and paraplegia, with or without loss of control over the

sphincters. The symptoms may develop immediately on leaving the caisson,

Or may be postponed for some hours after coming out. The pain develops

suddenly and may be paroxysmal in character, and may be accompanied

by some abdominal pain and vomiting. There is usually no local physical

signs, but in some cases the legs are tender to the touch. Auditory vertigo

with slight deafness and tinnitus is present in a few cases, and sometimes
these symptoms are present alone. Epistaxis is occasionally met with,

and in some cases the patient may lose consciousness, and the case

simulates apoplexy.

The etiology of this disease is not fully determined. Numerous theories

have been advanced from time to time : that most worthy of attention was
formulated by Paul Bert, who suggested that the symptoms depended on

the increased solution of gases by the blood during the sojourn in compressed
air, and on their escape during " decompression " (Snell).

Post-mortem examination of a few cases has revealed foci of haemor-

rhages, softening and laceration of the cord.

The Treatment.—Mainly preventive. Careful regulation of the degrees

of the pressure, and attention to the purity of the compressed air in the

caisson, are essential. Care should be taken to ensure that the passage

through the lock from the high to the ordinary pressure should not be

accomplished too rapidly. Plethoric subjects are naturally more subject to

this disease, and special care should be taken with regard to them.

Most cases make a good recovery. Paraplegia and other severe mani-
festations must be treated on general medical principles. Morphia may be

indicated if the pains are severe. If the patient is seen soon after the

commencement of the illness, Snell says that " recompression " generally

allays the symptoms in a marvellous way, and this improvement may be

maintained if the recompression be followed by a very slow exit of say,

half or three-quarters of an hour. Auditory complications are not, as a

rule, amenable to treatment.
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Our knowledge of the functions of the spleen is very uncertain ; observa-

tion as weU as experiment indicate that, whatever these functions may be,

they are shared by other organs. The spleen is not a vital organ ; this is

proved by the fact that many men and women have survived its removal,

and an examination of such individuals does not reveal anything that

would enable one to suspect that they are spleenless.

The appalling immediate results of indiscriminate splenectomy,

especially when the operation was performed for leukaemia, threatened to

exclude excision of the spleen from the sphere of legitimate surgery, but

the excellent results which have followed a careful and judicious selection

of cases since 1890, serve to show that the operative risks are not greater

than those of ovariotomy.

The spleen has been removed for a variety of diseases, such as leukaemia,

amyloid spleen, malarial spleen, syphilitic enlargement, echinococcus cysts

and colonies, sarcoma, and also when it has been torn (ruptured) and when
displaced (wandering spleen).

It is clear from this list that splenectomy has been performed for a

variety of diseases, and a perusal of the list indicates that the majority of

the diseases which lead to enlargement of the spleen are secondary to, or

form part of, other morbid processes, and it is easy to comprehend the

uselessness of removing the spleen under such conditions. A critical

analysis of the collected records of splenectomy indicate that it can only

be expected to succeed in the following conditions :—(1) Eupture of the

spleen
; (2) Wandering spleen

; (3) Splenomegaly
; (4) Abscess

; (5)

Echinococcus cysts
; (5) Malarial spleen.

Eupture of the Spleen.—In the majority of instances rupture of the

spleen is a rapidly fatal accident ; death in some cases has been as speedy

as when an aneurysm of the aorta bursts. Injury to the spleen may arise

in a variety of ways, e.g. kicks from horses and from men ; falls upon
angular objects or ridges ; falls on the belly when drunk, and even when
sober ; crushes between carts, carriages, or locomotives ; blow from a

cricket-ball, stabs in warfare and civil broils, and bullet wounds. When
the spleen is injured by the passage of a vehicle or any severe crush, it is

often complicated by fracture of the neighbouring ribs. When the spleen

is enlarged in malaria it is especially liable to rupture even from slight

causes, such as straining induced by vomiting or coughing. It is a fact

that injury to an enlarged spleen is not, as a rule, followed by such free

bleeding as ensues on injury to a normal spleen. This is illustrated by a

remarkable case recorded by Vincent. He performed coeliotomy on a

woman, expecting to remove a large ovarian tumour, but found a large black

mass instead. During the manipulation his hand broke into it ; there was
free bleeding, and the mass was recognised as a large malarial spleen. The
hole in the spleen was stuffed with gauze ; for a long time a sinus per-

sisted and discharged black material. It eventually closed, and a year

later nearly the whole of the spleen had disappeared. The woman was in

good health.
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The signs of injury to the spleen are those common to severe internal

bleeding : they include what is called shock attended by pallor, dilated

pupils, faintness, coldness of the skin, and rapid failure of the pulse. In
very exceptional instances, when a very large quantity of blood escapes into

the belly, it may give rise to a shifting dulness on percussion. The
amount of blood which is lost varies in different cases. Should the tear in

the spleen involve the artery or the vein, rapidly fatal haemorrhage will be

the consequence, but wound of the spleen in any part causes free bleeding.

Undoubted cases have been recorded in which patients have recovered

from rupture of the spleen. Thus in one case in which a man had his

spleen ruptured, and recovered ; three weeks later he was murdered, and at

the autopsy the recent cicatrix was clearly seen in his spleen.

The treatment of rupture of the spleen, in order to be successful, should

be prompt. In cases where the lesion is so grave as to demand quick
intervention, there is generally such damage to the organ that the only

way to effectively and expeditiously arrest the bleeding is to ligature the

gastro-splenic omentum with the splenic vessels and remove the spleen.

Under such conditions it is, as a rule, a simple proceeding.

Wandeking (Movable) Spleen.—It is difficult to conceive that a

viscus like the spleen suspended by peritoneum to the under surface of the

diaphragm, connected to the stomach by means of the gastro-splenic

omentum, and by its blood-vessels brought into such intimate bondage
with the pancreas, could so elongate its attachments as to reach the uterus
and the floor of the pelvis. In well-marked examples a movable spleen

is capable of such free excursions that it may be brought in contact with
every part of the abdomen and pelvis. No adequate cause for such
abnormal mobility of the spleen has been suggested ; it is, however, a

significant fact that the majority of cases occur in women, and especially

those who have been pregnant.

Undue mobility of the spleen leads to its engorgement, and as the
structure of the organ is favourable for the retention of a large amount of

blood, it is obvious that it would be more liable to ever-distension when
pendulous at the end of a long stalk formed by the elongated splenic

vessels and the gastro-splenic omentum. This engorgement becomes
intensified when the pendulous spleen spins on its axis and twists its

pedicle ; in this condition the spleen looks so replete with blood as if ready
to burst. When a wandering spleen undergoes axial rotation, it gives rise

to much the same symptoms as an acute strangulated hernia or an ovarian
cyst with a twisted pedicle. When the rotation is so acute as to com-
pletely arrest the circulation in the spleen and persists, it will lead to

permanent occlusion of the splenic artery and vein, and atrophy of the
spleen.

A wandering spleen often produces inconvenient effects on adjacent
viscera. In the case of the pancreas, it sometimes happens that this gland
remains undisturbed even when the spleen falls into the pelvis ; in other
instances the pancreas becomes elongated and has been stretched to a
length of 25 cm., forming part of a twisted pedicle making three turns
around the splenic artery. Occasionally the tail of the pancreas will be
dragged down to the brim of the pelvis by a mobile spleen. A wandering
spleen will so pull upon the stomach as to kink the duodenum and lead to

dilatation of the stomach with its usual consequences, fermentation of the
food and vomiting ; the tension may even cause obstruction to the common
bile duct and produce jaundice.

It can easily be imagined that the long cord-like pedicle of a pendulous
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spleen would be very liable to interfere with the intestines, and cases have

been observed in which movable spleens have been found adherent to small

intestine, colon, and the vermiform appendix. Adhesions of this character

not only set up intestinal obstruction, but they lead to damage of the

bowel, which allow of the escape of the contents and micro-organisms, and

thus initiate septic peritonitis.

Mention has already been made of the great tendency of a wandering

spleen to drop into the pelvis, and its weight not only causes retro-

flexion of the uterus but has been known to produce prolapse of this organ

(Kouwer).
Wandering spleens not only cause grave inconvenience, but they seriously

jeopardise life. The actual dangers are : rupture of the stomach or duo-

denum, intestinal obstruction, abscess of the spleen, rupture of the spleen.

A movable and enlarged spleen has been mistaken for a variety of con-

ditions, such as uterine fibroids, ovarian cysts, renal tumours, and movable

kidneys. In several cases cceliotomy has been performed for the purpose of

removing a uterine or ovarian tumour, and a displaced spleen found instead.

Varneck records a case in which he removed a tumour adherent to the walls

of the pelvis ; he regarded it as a fibroid. When the tumour was examined

in the laboratory it was proved to be a spleen ! The chief signs on which a

diagnosis may be based are the characteristic spleen -like shape of the

swelling, the presence of notches on one of its borders, the peculiar way in

which it seems to float on the intestines, its convex surface, and the facility

with which it can be guided under the left costal arch.

The most effective treatment of a wandering spleen is removal. The

risks, immediate and remote, are very slight. An alternative method

(splenopexy) of stitching the spleen to the side has been suggested and

even practised. So far the results of splenectomy are more satisfactory

and the convalescence is much more speedy.

Splenomegaly.—It has already been mentioned that enlargements of

the spleen are remarkable in that they are usually secondary or form part of

other morbid processes : the condition which will be described under the

term splenomegaly is probably the only form of persistent enlargement of

the spleen which is not thus associated (see "Banti's Disease," p. 338).

On studying splenectomy lists, here and there will be seen the term " splenic

hypertrophy " ; a critical examination of these cases indicates that the term

is employed when the enlargement of the spleen cannot be ascribed to

leuksemia, malaria, syphilis, amyloid disease, or tumours, or interference

with the portal circulation. On microscopic examination all the normal

elements of the organ are increased in corresponding proportion, and the

trabecular are particularly obvious, but there are no features in the splenic

tissue which enable us to determine the cause of its increased size.

The writer's experience is limited to two cases : a girl of five years and

one of seventeen. In the last patient the spleen was removed because it

dragged on the stomach and caused persistent jaundice. In the child the

spleen was removed on account of its size : it was associated with ansemia.

In both patients the operation was successful, and five years later they were

in excellent health.

Echinococcus Cysts.—Many cases have been recorded in which echino-

coccus cysts and colonies have formed in the spleen. Large cysts are not

common ; the majority of the cases have been observed in the post-mortem

room. In a few instances they have been successfully drained when their

nature has been detected in the course of a coeliotomy. In rare instances

they have been diagnosed before operation.
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Abscess.—A primary abscess in the spleen is rare. The condition

usually called a splenic abscess is usually outside the spleen and associated

with an injury to this organ, and is in reality a localised suppurative peri-

tonitis, and often complicated with fracture of the overlying ribs.

The appropriate treatment is incision and free drainage. In some cases

the surgeon may find it necessary to remove the spleen, and there are con-

ditions in which the removal of this organ facilitates convalescence.

Malakial Spleen.—Enlargement of the spleen is a common consequence

of malaria, and it is accompanied by an abundant deposit of characteristic

black pigment. Spleens of this kind sometimes become very movable, and
this fact as well as the increase in size renders them very liable to injury,

and also causes them to be mistaken for ovarian cysts and uterine fibroids.

Many malarial spleens, especially when " wandering," have been excised, and
the operation has been attended with great success.

Obliteration of the Splenic Vein.—This is an extremely rare con-

dition, but it is worth considering on account of the peculiar signs associated

with it. The writer's experience is limited to one case. A nurse, twenty-

six years of age, suffered for six years from recurring attacks of profuse

heeniatemesis associated with a big spleen. The bleeding was attributed to

a gastric ulcer, and the amount of blood she lost in some of the attacks was
so great as to reduce the red corpuscles of the blood to 662,000 per c.cm.

Gradually the corpuscular elements would increase until they reached the

proportion of 3,200,000 per c.cm. This always indicated that hsemateniesis

was imminent and invariably happened within a few days. The woman
herself knew when to expect an attack, and eventually died after a profuse

bleeding.

At the post-mortem examination the splenic vein was large enough to

admit the index finger ; it contained pouched recesses, and at its junction

with the superior mesenteric was blocked by an organised thrombus.

Tuberculosis of the Spleen.—In exceptional circumstances a tuber-

culous spleen may become so enlarged as to be a source of inconvenience

and even of danger. Spleens enlarged in this way have been successfully

removed.

Aneurysm of the Splenic Artery.—This is a very unusual condition.

The aneurysm may burst into the stomach, the colon, or into the peritoneal

cavity. It is a rare cause of sudden death.

Splenectomy.—The two great causes of death after removal of the

spleen were haemorrhage and septic peritonitis. The former cause of death
has been abolished now that surgeons are particularly careful to exclude
from operation any case of leukaemia ; and peritonitis is prevented by the

strict employment of aseptic measures in the performance of cceliotomy.

Some cases have been observed in which, after removal of the spleen,

there has been noticed an enlargement of all the external lymph glands,

accompanied with anaemia, a quick pulse, and elevated temperature. These
changes have supervened within a few weeks of the operation. In most of

the cases they have gradually subsided, and it is worthy of note that in

nearly all the instances in which these remarkable changes followed the

spleens were removed from healthy individuals on account of injury.

Spleenless individuals enjoy good health. The writer has seven patients

under his observation from whom he removed the spleen for various con-

ditions, and there is nothing to indicate that they have lost the spleen (vide

Trans. Clinical Society, London, vol. xxxiv.).
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Physiology.—Very little that is definite is known about the normal

functions of the spleen. It is certainly not necessary to life or to health,

and it has long been known that it can be removed safely. It is a contrac-

tile organ, its movements being due to the unstriped muscle in the capsule

and trabeculee. Rhythmic movements of contraction and dilatation take

place at intervals of about a minute, in dogs and cats at least, and there is

also a slow expansion after meals, which reaches its highest point about the

fifth hour and is then followed by a slow contraction.

Much attention has been directed to the relationship of the spleen to blood-

corpuscles. Red corpuscles are undoubtedly formed in the spleen during fcetal

life, but this function is definitely transferred to the bone-marrow at or soon after

birth in man and in almost all mammals, and is only temporarily restored to the

spleen, if at all, under conditions which profoundly modify the whole blood-

forming functions. The relation of the spleen to destruction of red corpuscles is

still sub judice. There is no difference in the number or character of the red

corpuscles in the blood going to the spleen and in that coming from it, while
removal of the spleen has no influence on the number of the blood-corpuscles nor
on the proteids of the blood-plasma, and after haemorrhage or hemolysis the

normal number of red corpuscles is regained as rapidly in splenectomised animals
as in those whose spleens are intact. As regards white corpuscles, there seem to

be rather fewer in the splenic vein than in the splenic artery, and the lymphocytes
which are certainly formed in the Malpighian corpuscles do not seem to be
supplied to the blood in any large numbers, at least the proportion of them in the

splenic vein is not noticeably increased. Further, with regard to the possibility of

internal secretion, the injection of splenic extract has been shown not to be followed

by the increase in the number of red corpuscles which is produced by the injection

of extract of red marrow, and is indeed apparently without influence on the blood.

Pathology.—The great majority of the pathological conditions affecting the

spleen give evidence in the same direction as what is known of its physiology,

namely, that its role is very largely a passive one, and that it acts as a reservoir

for blood, especially for the portal system. Most of these changes in the spleen are

therefore secondary to other diseases, and are described under the appropriate
headings, or in the accompanying section of the surgery of the spleen.

General Diseases affecting Spleen.—Of the general diseases which cause change,

usually enlargement, in the spleen, there may be mentioned leucocythsemia,

malaria, enteric, typhus, and other fevers, septicaemia, waxy disease, relapsing

fever, syphilis, etc.

Liver Changes affecting Spleen.—A second series of splenic enlargements are

associated with changes in the liver. The most frequent of these is cirrhosis, where
splenic enlargement is almost constant ; other affections are pylephlebitis, acute

and suppurative or chronic, and all conditions such as tumours, gummata, peri-

toneal thickening, which exercise pressure on the portal vein or its branches in the

liver, or on the splenic vein itself.

Circulatory Changes affecting Spleen.—Acting in more roundabout fashion, but
as effective, are the whole series of cardiac diseases, valvular or myocardial, where
compensation is imperfect, and even aneurysms and obstructive lung lesions may
have the same effect. Enlargement of the spleen is much less likely to ensue in

all this series in children and in old people than in those in middle life.

Pulsating Splenic Tumour.—A very curious through rare condition is the

'pulsating splenic tumour. This requires for its production the combination of

cardiac disease and an acute splenic enlargement due to an infective fever. The
cardiac condition is generally aortic regurgitation, or sometimes hypertrophy of

the left ventricle without valvular disease, and in all the cases observed com-
pensation has been good. The fevers causing the acute enlargement may be

enteric, malaria, or croupous pneumonia.
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Tumours.—Primary tumours of the spleen are exceedingly rare, and

even secondary metastases are by no means common, certainly not so

common as the anatomical arrangement and blood -supply of the organ

would lead one to expect. Of primary tumours, fibromata, angiomata,

lymphangiomata, dermoid cysts, and cysts (non-parasitic), uni- or multi-

locular, and containing serous fluid or blood, have been described, and while

the first four have usually only been discovered on the post-mortem table,

the cysts have on several occasions been large enough to cause inconveni-

ence and to require removal of the organ. Solitary hydatid cysts are rare.

It is doubtful whether primary cancer of the spleen occurs ; the reported

cases have either not been examined microscopically or the description

leaves much to be desired. It is difficult to believe that an epithelial

growth could occur primarily in an organ so pre-eminently mesoblastic in

origin unless from inclusion. Sarcoma of several varieties has occurred.

The symptoms are fairly definite— first, splenic enlargement, then pain

(usually severe) and tenderness, then rapid growth of the organ and the

appearance of prominences on its surface. Metastases occur early, and
removal of the spleen has not in these cases been followed by prolongation

of the patient's life. Lymphosarcoma is better considered later.

So-called Primary Enlargements.—The fourth group of splenic enlarge-

ments includes many of the apparently 'primary enlargements of the spleen,

and these are usually associated with anaemia. The wildest confusion still

reigns in this subject, and it is exceedingly difficult to harmonise the views

of different observers. One cause of difficulty is the retention in text-books

of descriptions of disease from the pre-haematological era ; another is the

fact that the cases are generally of rare occurrence, are often insufficiently

reported, and that the nomenclature is often more a reflection of the fancy

of the observer than of the facts of the case. Some outstanding groups can,

however, be distinguished by fairly marked characters. These may be
classed as (a) splenomegaly without anaemia

;
(b) splenomegaly with anaemia,

with its sub-groups (1) Banti's disease, (2) splenic anaemia, (3) pseudo-

leukaemia, (4) lymphosarcoma ; and (c) splenomegaly in children, of which
the most important form is the anaemia pseudoleukaemica infantum.

Splenomegaly without anosmia (primary splenomegaly) is a very rare

condition. Cases have recently been described by Bovaird and by Brill.

Brill saw three cases in one family, and had two of them under observation

for over fifteen years. The special points in the cases were a slow, pro-

gressive, causeless, and enormous enlargement of the spleen, with excellent

health for years (a slight anaemia of chlorotic type developed after the

disease had been established for more than ten years, and after an inter-

current affection), a normal leucocyte count and proportion, some enlarge-

ment of the liver, and a slight tendency to haemorrhage. Some of the
other cases similar to the above have also occurred in family groups. The
cause is entirely unknown.

Splenomegaly with Ancemia.—(1) Banti's Disease.—This is in reality a cirrhosis
of the liver, associated with a marked enlargement of the spleen which clinically

entirely overshadows the condition of the liver. Jaundice may or may not be
present, and the disease may last for several years. Anaemia is always marked,
the red corpuscles are greatly reduced in number, the colour -index is low,
nucleated reds are frequent, white corpuscles are almost always diminished in
number, and the lymphocyte proportion is high.

(2) Splenic Anaemia and (3) Splenic Pseudoleukcemia.—These are often in-

distinguishable, and probably cases which are clinically similar are often due to
dissimilar pathological processes. The most typical cases of " splenic aneemia

"

are very rare, and show, besides the enlargement of the spleen, a marked ansemia

VOL. XI 22
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with diminution both of red corpuscles and haemoglobin, sometimes with slight

leucocytosis, and often with a rather high lymphocyte proportion. The disease is

remittent, periods of severe anaemia and increase in the size of the spleen
alternating with long periods of health with normal or nearly normal blood and
with diminution but not disappearance of the enlarged spleen. It is probable
that the late stages or the acuter forms of the condition which I have described
as splenomegaly without anaemia have also been regarded as splenic anaemia, and
some of the recorded cases are distressingly like sub-acute or chronic cases of
lymphatic leukaemia without a very high leucocyte count. One of West's cases,

for instance, a month or so before death had 50,000 leucocytes per cmm., " chiefly

lymphocytes," and other cases are equally doubtful. Some cases of lymphadenoma
or pseudoleukemia have greatly enlarged spleens, either with enlarged lymphatic
glands and liver or without ; and these cases, which usually present a chronic
progressive anaemia of chlorotic type, are often called splenic anaemia. The red
cells in these cases do not fall very low in number, the haemoglobin-index is

usually low in the earlier and slighter cases, but may be higher in advanced or
acuter cases. The anaemia never approaches the pernicious type, however. The
leucocytes in chronic cases are normal or diminished in number, and there is a
relative lymphocytosis. The more rapid and febrile cases show a leucocytosis
with increase of polymorphs. The pathology of the condition is involved in the
same obscurity as that of the lympatic gland form (see " Lymphadenoma "), and it

is certain that the same clinical features may be associated with tubercle and
with gumma of the spleen as with the less definite conditions which pass under
the name of lymphadenoma.

(4) Lymphosarcoma.—This form of sarcoma may take rise from any collection

of lymphoid tissue in the body. The diagnosis is rarely uncertain when it occurs
in such a situation as the tonsil, as there a circumscribed tumour forms in which
ulceration soon takes place ; but when it occurs in the lymphatic glands the
diagnosis is more difficult, and most difficult of all when it arises from the spleen.

As it tends to spread at the point of origin a large spleen is soon produced, and as

the metastatic growth takes place along lymph-channels, the affected glands are
concealed by their depth in the abdomen and thorax, and abdominal masses which
might otherwise be discovered are hidden by the spleen. The rapidity of growth
of the splenic tumour varies considerably ; sometimes it is so slow that the clinical

picture is that of pseudoleukemia, sometimes as rapid as with the more malignant
varieties of sarcoma. The examination of the blood may give some hint of the
state of the case, however, for the lymphocytes, which, in most of the cases already
discussed, are actually or proportionally increased in number, sometimes show a
very marked diminution. In a case of Reinbach's, for instance,—a lymphosarcoma
of the neck, it is true,—the lymphocytes, whose normal proportion is about 25 per
cent, sank to 0'6 per cent. In splenic cases so large a proportion of the lymph-
tissue could not be prevented from supplying lymphocytes to the blood until a
very late stage of the disease, but the diminution may well be considerable. In
many cases, however, it will be impossible to make the diagnosis during life.

Splenomegaly in Children.—In the first years of life the blood differs from that
of adults in several respects. The proportion of lymphocytes is higher, say 40 per
cent instead of 25, leucocytosis is much more easily produced by chemotactic
influences of all kinds, and in anaemia nucleated red corpuscles are very apt to

appear in the blood—a reversion to the embryonic condition. These cells are
usually normoblasts, but may be megaloblasts, which are of course normally
present in the blood in early foetal life. The spleen enlarges readily in all the
chronic anaemias of infancy, no matter what their cause, and the proportion of

red marrow in the bones is greater than in adults and is readily increased by such
conditions as rickets. These facts make it often very difficult to determine to

which variety of blood disease an anaemia belongs. Pernicious anaemia, and
leucocythaemias of both varieties undoubtedly occur in children ; but about
twelve years ago von Jaksch attempted to differentiate another disease, which he
called anazmia pseudoleukcemica infantum. Much has been written for and against
this differentiation, but the most recent views are in favour of the acceptance of

von Jaksch's distinction. The children affected are from six months to four years
old as a rule, and most of them are rickety. Syphilis, intestinal catarrh, and
chronic tuberculosis seem also to be causally associated with the disease. The
children are pale and badly nourished, and the most striking feature is the

enlargement of the spleen, and in a less degree of the liver ; the lymph-glands
may also be moderately enlarged. In the severer cases there is a tendency to

haemorrhage. The disease runs a chronic course, and may terminate in recovery
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after some months, or, on the other hand, may end fatally by anaemia and
asthenia, by haemorrhage, or by intercurrent affection. Pathologically, the

enlargement of the spleen is a simple hyperplasia : the marrow is red and soft

throughout, and contains an undue proportion of nucleated red cells. The liver

has been described as containing islands of blood-forming cells, and if this observa-

tion is confirmed, it would give one the impression that the marrow was insufficient

for the required blood-formation, and that it was passed back to the liver as well,

which in foetal life is a blood-forming organ. In the blood the red cells are greatly

diminished in severe cases, exceptionally falling to a million. The ordinary cor-

puscular changes of severe secondary anaemia are found with a quite excessive

proportion of nucleated red cells. The majority of these are normoblasts, but
megaloblasts may occur. The colour-index is low, even in cases with megaloblasts,
however. There is usually high leucocytosis—from 20,000 to 50,000—which persists

without much change. Lymphocytes are always relatively increased, even beyond
the normal high proportion in infants. Eosinophiles are usually at or about the high
normal number of infants, say 5 or 6 per cent. Myelocytes are uniformly present,

though not in such large proportion as in myelaemia. The essence of the disease

seems to be a blood-destruction, probably from unknown toxic influences, but the
liver does not contain the deposits of iron found in pernicious anaemia, nor is there
any leukemic infiltration of organs.

Treatment of Splenic Enlargements.— From all that has been said of the
physiology and pathology of the organ, it will be seen that the vast majority of

splenic conditions are secondary to disease elsewhere, and that the enlargement
of the organ is to be regarded as a symptom, often a very valuable one from the
point of view of diagnosis, but not calling as a rule for special interference except
in those cases, dealt with elsewhere, where removal is advisable for surgical

reasons. Since the discovery of the importance of the bone-marrow in blood-
formation, the spleen has ceased to be credited with impossible and contradictory
functions, and it is to be hoped that the knowledge that the changes in the
marrow are also secondary to influences from other organs may lead us in time
to the correct interpretation and scientific treatment of many of these perplexing
anaemias.

LITERATURE.—Litten. "Die Krankheiten der Milz," 1898, in Nothnagel's System.—
Paton, Gulland, and Fowler. " The Relationship of the Spleen to the Formation of Blood-
Corpuscles," Journ. of Physiol. 1902.

—

Ewing. Clinical Pathology of the Blood, 1901.—
Brill. "Primary Splenomegaly," Amer. Journ. of Med. Sci. 1901. Pinkus. "Pseudo-
leuksemie," 1901, in Northnagel's System; etc.

Splenic Fever (Anthrax).1

I. Generalities

Definition.—Anthrax is an infectious disease caused by the " Bacteridie

du Charbon " (Davaine), Bacillus anthracis (Cohn), which occurs in the

blood of infected individuals, and is also found in the soil or on various

other materials after these have become contaminated.

Varieties.—This disease may be either local (e.g. malignant pustule) or

general (general anthrax).

Infection takes place by inoculation or contamination of wounds
(external or cutaneous anthrax), by inhalation (pulmonary anthrax), or by
ingestion (intestinal anthrax). The last two varieties together are usually

designated under the name of internal anthrax. Besides man a great

many vertebrate animals are liable to the disease. Hoofed quadrupeds and
rodents are, generally speaking, very susceptible ; man offers a greater

resistance to the disease.

Affinities.— Anthrax has many clinical and pathological features in

common with diseases in which there is rapid invasion of the blood-stream
by bacteria (so-called septicaemias).

Synonymy and Homonymy.— The general disease is known under

1 (This disease is now generally known under the name of anthrax. Since 1881 it has,

however, been returned in the Registrar-General's Reports under the name of Splenic Fever.

)
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various names : Anthrax, anthrax septicaemia, anthracmmia, splenic fever,

charbon, sang de rate (sheep), maladie du sang (cattle), fibvre charbonneuse

(horse and other animals), milzbrand.

Names used in reference to some of the varieties are frequently loosely

employed to designate the disease as a whole, e.g. wool -sorter's disease,

malignant pustule. Under the name of cedbme malin, ou cedbme charbon-

neux des paupibres, Bourgeois has described a form of cutaneous anthrax

which differs from malignant pustule ; this disease must not be mistaken

for that described later under the name of malignant osdema by E. Koch.

In former days the terms charbon symptomatique, or symptomatic anthrax,

were used to designate what was thought to be a variety of the disease.

Cases of true anthrax have undoubtedly been frequently included under these

names ; they are, however, reserved by modern writers for another disease

which is known in England as quarter-evil, and in Germany as Eauschbrand,

and is caused by the bacillus Chauvsei (Eauschbrandbacillus).

Under the name of rag-sorter's, or picker's, disease (maladie des chiffoniers,

Hadernkrankheit) various forms of infection by inhalation of dust are

included ; a proportion of these cases is attributable to infection by the

bacillus anthracis.

Histoeical Note.—The study of no other disease has done so much for the

development of our present knowledge of the causation and prevention of infectious

diseases of bacterial origin. It is impossible in this article to deal fully with the
historical aspect of the subject ; the reader must therefore be referred to more
extended accounts, such as have been given by Heusinger, Bollinger, Straus, and
Bell, among others.

From descriptions given by various ancient writers 1 of outbreaks of disease

occurring among the lower animals and communicable to man, it is probable that

these epidemics were due to anthrax, and it is generally accepted that the disease

is one of great antiquity. The characteristic features of splenic fever were,

however, not clearly described before the publication of the classical treatise of

Chabert (1780). The descriptions given by that author are so accurate that the

nomenclature and grouping adopted 'by him have been retained to the present

day. Two of his varieties (Charbon essentiel and Charbon symptomatique) are,

however, now known to correspond in the main to a separate disease (see
" Synonymy "). In 1823 Barthelemy (aine) proved that anthrax is a disease com-
municable by inoculation and ingestion to several herbivora, and that carnivora

offer a great resistance to infection.

In 1850 Bayer, in conjunction with Davaine, observed filiform motionless

bodies, the length of which was about twice that of the diameter of a red blood

corpuscle, in the blood of a sheep which had been inoculated with some spleen

pulp obtained from another sheep affected with splenic fever.

Pollender in 1855 stated that he had seen in 1849 filiform or rod-like bodies in

the blood of animals affected with anthrax. He did not offer any positive opinion

as to the relations of these bodies to the disease. He described very carefully the

characters of the bacillus, and recognised its probable vegetable nature. (In

Germany Pollender is generally credited with the discovery of the bacillus.)

Brauell in 1857 recognised that the bacillus was present in the blood of a man
who had died of anthrax. He communicated the disease to sheep by inoculating

them with that blood, and found that the bacillus was constantly present in the

blood of these animals immediately before their death. He, however, looked upon
them as indications of early putrefactive change, and thought that although their

presence had a definite diagnostic value, the bacilli were not special to anthrax,

being neither the cause nor the means of carrying the disease.

It was only in 1863 that Davaine, enlightened by the researches of Pasteur on
butyric fermentation (published in 1861), announced that the bacillus anthracis

was the actual cause of the disease. He supported his views by a large number of

careful experiments. He showed that blood obtained shortly after the death of an

1 References to epidemics of disease resembling closely Anthrax and probably identical

with it have been found in the writings attributed to Moses, Homer (1000 ? B.C.), Lucretius

(110 B.C.), Virgil (70 B.C.), Dionysius of Halicarnassus (54 B.C.), Ovid (43 B.C.), Plutarch

(50 A.D.).
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animal affected with anthrax, and containing the bacillus, was always infectious,

and produced the disease when inoculated into a susceptible animal. On the
other hand, he observed that blood containing no anthrax bacillus never com-
municated the disease. Davaine's views met with considerable opposition from
the most eminent authorities of his time.

No important advance was made till P. Koch, in 1876, published his researches
on the life-history of the bacillus anthracis, and demonstrated that this organism
was capable of producing highly resisting spores. He indicated clearly the
influence which temperature, oxygen, and moisture had on the development of
the bacillus and its spores. He discovered the conditions under which this

organism can live as a saprophyte outside the body, and thereby explained
how the soil in certain localities remained infected from year to year.

In 1880, Pasteur, Chamherland, and Poux demonstrated that the pastures were
generally infected by the dejecta of animals affected with splenic fever, and also by
the blood when the body had been opened after death without care being taken to
prevent pollution of the soil. In pastures so contaminated, spores might persist

for years. Animals grazing in these infected regions contracted the disease by
the ingestion of food contaminated with spores. A year later the same authors,
after finding that an attack of anthrax confers immunity against a second attack,
published their remarkable investigations upon the means of attenuating the
virulence of the bacillus anthracis and producing artificial immunity by vacci-

nation with attenuated cultures.

On account of the property which the anthrax bacillus has to produce spores,

the application to anthrax of the recent discoveries of Pasteur, on the attenua-
tion of the virulence of microbes, was a matter of special difficulty.

Although many important additions to our knowledge of the properties of
the bacillus anthracis and its mode of action upon the tissues have been made
by a number of distinguished observers since 1881, none of them have had the
same influence upon medical science as those which have been referred to in this
short summary.

II. Anthrax in Man
General Anthrax.—Clinical Features.—Penetration of the bacillus

into the blood-stream is preceded by some local lesion, but the diffusion of

the toxines produced by the bacillus, and later the penetration of that

organism into the blood, take place in many cases so rapidly that the
disease has frequently the characters of a general intoxication or infection

at the time when the first symptoms are noticed. According to the mode
of entrance of the bacillus, invasion of the blood is more or less delayed.

In cutaneous anthrax (malignant pustule) generalisation of the disease is

more delayed than in cases of internal anthrax. The extensive oedema
frequently noticed in parts free from bacilli, but connected with the seat of

infection, indicates the action of toxines. The generalisation of the disease

is marked by the appearance of the following symptoms :

—

Moderate fever, seldom exceeding 103° F. (There may be practically

no pyrexia.) In complicated cases a temperature reaching 105° F. and
107° F. has been observed. During the last hours of life the temperature
usually becomes subnormal. The rectal temperature is considerably higher
than that of the axilla. The weakness and weariness of the patient and
other evidences of disease are out of proportion with the amount of fever.

Haemorrhages, vomiting, diarrhoea, dyspnoea, cyanosis, weakness of the
pulse are of common occurrence. Coldness of the skin, abundant perspira-
tion, collapse, usually precede death.

The mind may remain clear to the end, but pain in the head, delirium,
convulsions may occur.

Towards the end of life, diagnosis may be facilitated by the discovery of
anthrax bacilli in a drop of blood obtained from the finger or the lobe of
the ear.

In fatal cases life seldom lasts more than four or six days after the
onset of symptoms. Kecovery is said to have occurred after symptoms of
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general infection had become manifest—it has been stated that recovery is

even possible after anthrax bacilli have been seen in the blood ; these state-

ments require further confirmation. When general anthrax is not preceded

by obvious external lesions (malignant pustule), or does not occur in a

patient known to have been exposed to infection either through his^occupa-

tion or by accident, the diagnosis of the disease is by no means easy. The
appearance of bacilli in the blood is too much delayed to be of practical

use, and even a few hours before death, bacilli are not always discoverable

in the blood by simple microscopical examination. Diagnostic cultivation

and inoculation experiments would therefore in many cases yield results only

after the death of the patient. They are none the less of use in establishing

the exact nature of the disease, and assisting in the application of preventive

measures by making clear the nature of all doubtful cases.

Morbid Anatomy.—The post-mortem liviclity is usually excessive : parts such
as the lips, ears, nails, etc., which were already cyanosed during life, assume a
dark purple colour. Decomposition appears early, and post-mortem emphysema
may be produced by the action of putrefactive organisms. Dark brown blood-

stained fluid frequently escapes from the various orifices of the alimentary and
respiratory passages. Subcutaneous, submucous, subserous oedema, and blood
extravasations are frequently observed : they are usually most marked in the
neighbourhood of the original seat of infection.

Serous or hemorrhagic exudations are frequently present in the pleura, peri-

cardium, and peritoneum. The endocardium and intima of blood-vessels are

blood-stained. The skeletal and cardiac muscles are usually dark, soft and
friable ; the heart and large veins are distended with blood. The blood is very
dark, almost black, viscid ; it does not regain the colour of arterial blood on being
exposed to the air. Coagulation is absent or imperfect, a few soft clots may be
present in the heart and larger veins. If the blood be examined microscopically

soon after death, it is usually found to contain anthrax bacilli, which are situated

between the blood corpuscles. The red blood corpuscles form irregular masses by
agglutination ; they are more or less deformed ; there is marked leucocytosis. If

the examination of the blood is delayed for many hours, the rapid onset of putre-

faction alters the character of the blood, and the bacillus anthracis is often found
to have disappeared more or less completely. It may, however, still be discovered

in the peripheral parts of the body, where putrefactive changes have been delayed,

owing to the rapid cooling of these parts and their distance from the alimentary
canal. By cooling rapidly the whole body of small animals the writer has been
able to prevent entirely the effects of putrefactive change, and has ascertained

that at the end of two and even three weeks typical, short, non-sporing, living

anthrax bacilli might still be present in blood obtained from the heart and other

organs. 1

The stomach and small intestine are frequently, though by no means always,

affected, even when infection has not taken place through the intestine. The large

intestines may also be the seat of lesions. The gastro-intestinal lesions appear
usually as dark swollen patches, measuring from \ of an inch to more than 1 inch

in diameter ; the mucous membrane is chiefly affected. The patches are often

numerous, usually deeply congested or hemorrhagic. Some of these lesions may
undergo gangrene and ulceration. The bacillus anthracis is found in great

abundance in these regions. The lymphatic glands are generally more or less

enlarged, soft and deeply congested. The spleen is usually larger than normal,

hut not to the same extent as in some of the lower animals {e.g. sheep and cattle).

When distinctly affected it is soft and dark in colour. The spleen may, however,
be so slightly involved as to appear nearly normal. Besides venous congestion,

the liver and kidney present no striking characteristic naked -eye lesions.

Evidences of parenchymatous degenerative changes are revealed by microscopic

1 Portions of internal organs, or blood from the heart, obtained soon after death, may
be kept for several days, and be still suitable for bacteriological examination if packed in ice

This observation also proves that contamination of the soil by blood containing anthrax bacilli

may be followed by the formation of spores even when such contamination occurs at a time

when the soil is frozen ; for the bacilli retain their vitality long enough to permit of further de

velopment when the temperature is high enough to favour the formation of spores.—S. D.
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examination. Haemorrhages may be found in the lungs, under the cerebral and
spinal meninges, and even in the substance of the nerve centres.

Cutaneous Anthrax. (Malignant pustule. See vol. vii. p. 255.)

Pulmonary Anthrax. (Wool-sorter's disease, bronchial mycosis, etc.)

Clinical Features.—As the name indicates, wool-sorters are specially liable

to infection through the inhalation of infectious dust ; this danger is not,

however, confined to them ; thus some of the outbreaks of disease which

have been observed in rag pickers or sorters, wool and horn workers, tanners,

etc., are also attributable to anthrax.

The hair of such animals as the camel, alpaca (lama paco), goat (mohair),

are specially dangerous. All the wools, hairs, hides, horns, etc., coming

from warm countries, and specially from the confines of Asia Minor and

Persia (Van district), where anthrax is prevalent, are a source of danger

;

the mixture of fleeces and hides from diseased animals with those of healthy

animals has unfortunately not been sufficiently guarded against.

Although the danger of handling such materials has been known for

some considerable time (Fournier, 1769), it was only in 1879 that Bell

demonstrated the exact nature of pulmonary anthrax, and gave his well-

known account of the disease which, according to him, runs the following

course in cases of unmixed infection.

During the short incubation period nothing more than bronchial

irritation, due to the inhalation of dust, is noticeable. The first symptoms
indicating the beginning of general infection are often indefinite, the

disease assuming rapidly the characters of general anthrax with practically

no local manifestation. In other cases which are usually more prolonged,

a more or less distinct local reaction is indicated by pain in the chest,

dyspnoea, cough, signs of pneumonia, pleurisy, and a higher temperature

(105° to even 107°) than is usually observed in uncomplicated cases of

rapidly fatal anthraceinia. In 63 cases observed by Bell, the duration of

life was as follows :

—

No. of days . . 1

No. of cases . . 3

Bell is of the opinion that pulmonary anthrax is by no means always

followed by generalisation of the disease, and that, as in the case of

malignant pustule, recovery is not infrequent.

It is obvious that spores may be swallowed at the same time as they

are inhaled, and that pulmonary and intestinal anthrax may arise

concurrently.

Morbid Anatomy.—The first scientific account of the lesions occurring in

pulmonary anthrax is due to Greenfield. Beyond the changes observed in

general anthrax, the following lesions may be considered as characteristic

of pulmonary anthrax, specially when they are not associated with extensive

abdominal lesions.

Gelatinous (frequently hemorrhagic) oedema of the mediastinal, sub-

pleural, and interlobular pulmonary connective tissue ; considerable pleural

and pericardial, generally straw-coloured, exudation.

Enlargement of the bronchial glands which are friable, deeply congested,

often the seat of hemorrhages, and therefore of very dark colour ; venous
hyperemia and oedema of the lungs, pulmonary hemorrhages more or less

limited. Lumen of the trachea and main bronchi reduced by the cedematous
swelling of the mucous and sub-mucous coats, which are also the seat of

numerous hemorrhages.

2 3 4 5 10 over 10

L3 18 13 7 7 2
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Greenfield found that these lesions were most marked in the lower part

of the trachea and in the main bronchi.

Numerous bacilli are present in the diseased mucous membrane from
which they spread through the lymphatic spaces and vessels to surround-

ing parts.

Intestinal Anthrax. (Mycosis intestinalis.)

Clinical Features.—This form of anthrax has rarely been observed to

follow the ingestion of the imperfectly cooked flesh of animals which had
died from anthrax. Aliments may also be contaminated with spores present

in dust. Those who by their occupation are liable to pulmonary anthrax

and malignant pustule are, generally speaking, also liable to intestinal

anthrax. Gr. Munch in 1871, and E. Wagner in 1874, appear to have been
the first to recognise the exact nature of this form of anthrax, which had
been previously described by Waldeyer under the name of Mycosis
intestinalis.

The most important symptoms are the following :—Sudden onset, pros-

tration, pains in the back, colics, vomiting, meteorism, diarrhoea, some-
times hemorrhagic

;
pulmonary symptoms similar to those observed in

pulmonary anthrax may also supervene. The patient passes into a state

of collapse resembling that associated with cholera. Death usually occurs

from two to five days after the onset of the symptoms. (Emler has recorded

two interesting cases of intestinal anthrax caused respectively by the

consumption of uncooked meat, and badly cooked liver of one cow and
one ox which had been slaughtered on account of anthrax. In one case

death followed within three days ; in the other within five days. It would
appear that some 130 persons had partaken of the flesh of these two
animals, and that the two cases mentioned above were the only ones in

which a fatal result followed. The ingestion of flesh infected with anthrax

bacilli is frequently without bad effects, but may be followed by gastro-

intestinal disorders from which the patient recovers. On this ground it is

supposed that recovery may take place after a slight local infection.

Morbid Anatomy.—Even before their exact nature was recognised,

good descriptions of the lesions connected with intestinal anthrax had
been given by Wahl, Buhl, and Waldeyer. The most characteristic lesions

are the following :—Abundant, serous-looking peritoneal exudation ; cedema
of visceral peritoneum, of mesentery and retroperitoneal tissue ; ecchy-

moses in the same situation ; enlargement, congestion and hgernorrhagic

infiltration of mesenteric ganglia ; numerous pustular-looking swellings of

the mucosa of the stomach and upper part of the small intestines ; similar

lesions, but less numerous, in the lower parts of the small intestine and in

the large intestine. Some of these swellings are hsemorrhagic, and some
resemble infarcts.

These lesions are intensely congested or hsemorrhagic; their central

parts may be gangrenous and ulcerated.

Anthrax bacilli are usually found in great abundance in the affected

parts. Owing to the frequency of intestinal changes in other forms of

anthrax, it is only when the history and the relative importance of lesions

indicate clearly intestinal infection that the diagnosis of intestinal anthrax

can be established satisfactorily.

III. Anthrax in the Lower Animals

Animals liable to the Disease.—Most of our domestic animals are

liable to anthrax ; they may be infected in the same ways as man, but
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they are not equally susceptible to all modes of infection. Infection

through the alimentary canal is the most common. Generally speaking,

young animals are more liable than old ones ; fatigue and other unfavour-

able conditions predispose to infection, as well as some ill-defined indi-

vidual peculiarities.

Sheep appear to be most susceptible animals to infection by inoculation or
ingestion. Certain races of sheep (Algerian sheep) offer, however, a remarkable
resistance (Chauveau).

Goats behave much as do the sheep.

Cattle are also easily infected through the alimentary canal ; but they are
much more resistant to subcutaneous inoculations. QEmler did not succeed in
producing anthrax by inoculation in more than one out of forty-one cows or oxen
which he inoculated with large quantities of anthrax blood. The outbreaks
observed among cattle are undoubtedly chiefly due to ingestion of contaminated
food. Ruminants, generally speaking, may be said to be among the animals most
liable to anthrax.

The horse is in many European states not very frequently affected, but in
Russia, Sardinia, Algeria, and India serious outbreaks of intestinal anthrax have
occurred among horses.

The pig may be infected by ingestion and inoculation.

Dogs and cats offer considerable resistance to anthrax. Cats appear to be
more liable than dogs—young cats especially.

Carnivora generally do not seem very susceptible to the disease ; the bear is

said to be liable to it ; and cases of infection of human beings through bear skins
have been recorded.

Rodents (including the usual experimental animals, i.e. the mouse, the guinea-
pig, and the rabbit) contract the disease very readily after inoculation, but resist

infection by the alimentary canal much more than sheep or cattle do.

Rats, specially of the white variety, offer great resistance to anthrax, but their
resistance is considerably reduced by fatigue and various ill-defined conditions.

Birds, generally speaking, are not easily affected by inoculation, and may be
fed, apparently without effect, on food containing anthrax bacilli. The disease
has, however, been produced in young pigeons, ducks, chickens, and sparrows by
inoculation.

Pasteur has shown that by lowering the temperature of the hen, that bird
can be rendered liable to anthrax infection.

Batrachians and fishes offer a considerable resistance to anthrax. Gibier has
demonstrated, however, that when the temperature of frogs is artificially raised,

the bacillus multiplies readily in their blood and tissues.

Duration of the Disease after Experimental Inoculation.— Animals usually
employed in experimental work die more or less rapidly when inoculated with
virulent anthrax bacilli.

The mouse usually dies within 20 hours.
The guinea-pig in from 36 to 48 hours.
The rabbit in about 60 hours.
The same animals when inoculated with less virulent bacilli or spores may

resist much longer or recover. The writer has observed a characteristic form of
chronic anthrax in some guinea-pigs which he had inoculated with spores that
had been kept dry and exposed to air, in the dark, for nearly two years. No
effect appeared to result from the inoculation for the first three weeks. At the
end of that time the animals suddenly succumbed. Bacilli were found in small
numbers in the blood and all the organs examined, in the spleen they occurred in
small groups here and there ; they were virulent and readily cultivated.

Special Features of Anthrax in some of the Domestic Animals.—
Symptoms.—General Anthrax.—Anthrax without any external manifesta-
tions (Anthracaimia, splenic fever) may run such a rapid course as to cause
death within one hour of the appearance of the symptoms (Anthrax
acutissimus)

; in such cases the animals die with the symptoms of cerebral

apoplexy, blood-stained discharge escaping from their nose, mouth, and
anus. This form is chiefly observed in cattle and sheep at the beginning of

certain epizootics.
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Anthrax, even when acute {Anthrax acutus), usually runs a somewhat

slower course, the symptoms lasting from a few hours to twenty-four hours.

In such cases fever, signs of cerebral congestion or irritation, unsteadiness,

weakness, pulmonary congestion, tumultuous cardiac beats, rapidity and

smallness of the pulse, blood-stained discharges from the orifices of the

respiratory and alimentary tracts, hematuria (in the sheep), and signs of

asphyxia are observed. Occasionally remissions may occur.

In the ox and the horse the disease often runs a slower course still

(Anthrax subacutus)—one day to five or seven days. The symptoms are of

the same nature as in the preceding form, but the fever and gastro-intestinal

symptoms are generally more evident. Kemissions are also more frequent

than in the other forms.

Anthrax with Localised Lesions of the Skin or Mucous Mem-
branes.—Symptoms.—Cutaneous anthrax resembling more or less closely

the human malignant pustule is observed chiefly in the horse and the ox,

and sometimes also in the dog. The illness generally lasts from three to

five days.

Anthrax may affect more specially the mucous membranes of the mouth

(gloss anthrax) ; of the pharynx (anginal anthrax). These forms are

chiefly observed in the pig and in the dog, but are not of common
occurrence. CEdema of the tissues about the rectum is a special feature in

some cases (lumbar anthrax).

Morbid Anatomy.—The lesions observed are very similar to those

already described in connection with the human subject. Some of the

lesions are more marked in some animals than they are in man. The

enlargement and diffluence of the spleen are very characteristic lesions in

cattle and sheep. Eenal hemorrhages, giving rise to the hsematuria which

is so characteristic in the sheep, are much less frequent in other animals.

IV. Geographical Distribution of Anthrax

This disease occurs in all parts of the world, and is a cause of great

mortality among susceptible animals. No climate is free from it ; anthrax

has been observed in Lapland and Finland as well as in India. Owing,

however, to the rapid growth of the bacillus, and formation of spores under

the influence of warmth, the disease is much more liable to spread and

perpetuate itself in warm than in cold climates.

Anthrax is specially prevalent in certain districts of France, Germany,

Austria, Eussia, Siberia, Turkey, Asia Minor, Persia, India, China, Africa,

North and South America, and Australia.

V. The Anthrax Bacillus

Morphology.—In the untreated blood of an animal which is dying, or

has recently died of anthrax, the bacilli appear as short, transparent,

motionless rods lying between the blood corpuscles ; they are usually very

numerous.

Their diameter is usually 1"2 n- Some authors have given measurements

varyin 0- between 1 n and 1"5 /x. Their length is more variable, but is usually from

5 to 6°m (according to some they may i-each a length of 20 m but these long

filaments are probably always composed of several bacilli). Short chains com-

posed of two or three segments may occur in the blood. The bacillus can be

readily stained with most of the basic anilin dyes ; it stains specially well with

gentian violet, Loeffler's methylene blue, thionin blue, carbol fuchsin, and by

Gram's method. Its large size and the ease with which it is stained render the
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detection of the bacillus anthracis easy. Anthrax bacilli are generally quite
straight ; they have a thin capsule usually invisible. When they are in chains the
ends of adjacent bacilli are separated by a clear substance which unites them, and
is apparently continuous with the capsule ; the ends of the bacilli are square, after

special staining they may appear to be slightly concave.
If some infected blood be kept in a warm moist place, these rods are seen to

elongate in the course of a few hours, and ultimately to form long filaments in
which spores appear more or less rapidly.

The growth of the bacillus is best studied by cultivating it in aqueous humour,
blood serum, peptone bouillon (fluid, or solidified by the addition of gelatine or
gelose (agar) according to the methods recommended by Koch). When a drop of
aqueous humour or peptone bouillon is inoculated with a minute quantity of fresh
blood containing a few bacilli, and this preparation is kept in a moist chamber at
a temperature of 36° C, the bacilli are seen to grow rapidly—their length at the
end of two or three hours has usually doubled. As the rods elongate, they under-
go a process of fission, and as the various segments remain connected together,
threads are produced which, as they further grow, form loops presenting a
characteristic wavy appearance, which has been compared to that of wavy locks of
hairs. To bring out clearly the segmentation of these filaments it is necessary to
stain them. At the end of twenty-four hours, if there have been free access of
air, a constant temperature of 35° or 36° C, and a sufficient amount of moisture,
bright oval bodies appear at intervals in the filaments. These are young spores.

When the spores are fully developed, the filaments become gradually less distinct
and ultimately disappear, leaving the spores free. Spores appear as highly
refracting oval bodies with an envelope. They are more difficult to stain than
the bacilli. If some of these spores be placed in some fresh nutrient fluid under
the conditions previously indicated, their capsule swells, the central protoplasmic
mass elongates in its long axis, grows into a bacillus, which, when it exceeds the
length of a normal bacillus, begins to divide by fission : long filaments and spores
are produced again within twenty-four hours. (For a fuller description of the
appearances presented by the bacillus cultivated in various media, and other
practical details, the reader must be referred to text-books of Bacteriology.)

Influence of Temperature on the growth and development of the Bacillus Anthracis.
—The phenomena of growth and sporulation occur in the way above described
only at a temperature of 35° to 36° C, which is the " optimum " temperature. Below
12° C. and above 45° C. the growth of the bacillus is arrested.

Below 1801 and above 42° to 43° C spores do not form. They are produced
most rapidly at from 32° to 35° C, when there is free access of oxygen. Bacilli
grown in media freely exposed to air, at a temperature of 42 -5° to 43°, do not
produce spores ; they form as usual filaments, but ultimately die within twenty-
eight or thirty days. After eight days' cultivation at this temperature, the
asporogenous bacillus has lost much of its virulence. (By passage through very
susceptible animals, such as very young guinea-pigs, the bacillus may be made
to regain its virulence.)

Pasteur, who discovered these facts, utilised them in the elaboration of his
celebrated method of vaccination against anthrax. Asporogenous bacilli may also
be produced under other conditions. Chamberland and Roux obtained this result
by the addition to the culture media of 1 part of bichromate of potash to 1200 or
1500 parts of culture medium ; 1 part of carbolic acid to 800 parts of medium.
Behring found that the addition of rosolic acid or of hydrochloric acid had the
same effect, and Lehmann observed a similar alteration in old cultures.

Germicidal Action of various Agents.—(a) Heat.—Davaine thought that non-
sporing bacilli in blood are killed by an exposure to a temperature of 50° C. for
twenty minutes. According to the same observer, blood much diluted with
wTater is sterilised in the same time by exposure to 48° C. only. A temperature
of 60° C. is generally admitted to be rapidly fatal to the non-sporing bacillus in
the moist state.

Fully-formed spores are much more resistant. They may resist a moist heat of
95° C. for about ten minutes, of 100° C. for three or four minutes.

Current saturated steam at 100° C. is, however, capable of killing them much
more rapidly, in the absence of air. Thus Delepine found that these spores are
killed under these conditions in less than thirty-five seconds ; in a mixture of air
and water vapour at the same temperature, an exposure of about thirty minutes'
duration is necessary to obtain the same results.

1 Spores may begin to form very slowly at a temperature slightly above 15° C.
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In dry air, spores generally resist the same temperature for eight hours, and
often longer (Delepine and Sidebotham). Dry spores resist a temperature of

120° C. for several hours ; and a temperature of 140° C. is not very rapidly lethal

to them.
Cold has very little effect on either spores or bacilli. Frisch has shown that

blood containing bacilli can be exposed to a temperature of - 110° C. for one hour
without being disinfected.

(6) Desiccation.—Desiccation by simple exposure to air has practically no
effect on spores, but non-sporing bacilli are killed by drying in twelve to thirty

hours (Koch). The writer has found that spores kept in air absolutely dry did

not retain their vitality as long as spores kept in air containing some trace of

moisture.
(c) Sunlight.—Sunlight is fatal to the bacilli more rapidly when they are moist

than when they are dry. Germinating spores held in a fluid are killed by sun-

light in two or three hours ; non-germinating spores may survive an exposure of

ten hours (Arloing, Straus).

(d) Chemical Disinfectants.—Chemical substances. Non-sporing bacilli can easily

be killed by the usual bactericidal chemical substances. Spores resist a much
longer time ; they can, however, be killed in a few minutes by the action of a 2£T
solution of perchloride of mercury, or of a T^ solution of chlorinated lime. The
dry spores are much more slowly affected by gaseous disinfectants, of which dry
formaldehyde is perhaps the best.

(e) Putrefaction.—Putrefaction has very little effect upon the spores, but non-

sporing bacilli rapidly die when in the midst of putrefying organic substances to

which air has no access. This explains their rapid disappearance from carcases

which have not been opened. Burying at a great depth is beneficial in preventing

the free access of air. Rapid cooling, by preventing putrefactive changes, favours

the survival of the bacillus. The body of large animals is, however, slow to cool,

and the temperature of the central parts is kept up by the fermentative changes

induced by the intestinal bacteria.

Alterations of Virulence.—Methods usedforproducing Attenuation.—
When the bacillus is cultivated in the presence of air at a temperature

between 42° and 43° C. for two to three weeks, it loses its virulence for

horses, cattle, sheep, rabbits, and guinea-pigs, but it is still virulent

for mice.

After ten or twelve days the bacillus is still capable of killing guinea-

pigs and mice, but produces only a temporary illness in rabbits, sheep, cattle,

and horses. This is true only with regard to animals which are not very

young ; very young animals may succumb after inoculation with bacilli

which have lost their virulence for older animals.

When the blood of a young guinea-pig which has succumbed to the

action of a bacillus non-virulent to an adult guinea-pig, is inoculated to a

second guinea-pig slightly older than the first, this second guinea-pig will

generally also die of anthrax. By a gradual passage of the bacillus through

animals of increasing age, it is possible to cause the bacillus to regain its

normal virulence for the adult animal. This method of regulating the

virulence of the bacillus anthracis by cultivation was discovered by Pasteur,

who based upon it his method of vaccination against anthrax.

Other methods of attenuation have been discovered. Toussaint found

that by rapidly heating anthrax blood for ten minutes at 55° C. the viru-

lence of the bacillus was considerably reduced ; he even based upon this a

method of vaccination which has been further elaborated by Chauveau.

Compressed oxygen and light have also analogous effects.

Toxic Substances produced by the Bacillus Anthracis.—The bacillus

anthracis owes most of its pathogenic properties to certain toxines. Mar-

mier, in 1895, showed that a toxic substance can be isolated from cultures

of the bacillus. The properties of that toxine are different from those of

the albumoses, peptones, and alkaloids (ptomaines) which have been isolated

by Sidney Martin and others. It differs from other bacterial toxines and
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ferments by being able to bear a temperature of 110° C. without entirely

losing its virulence. In small doses it produces death in animals susceptible

to anthrax, and does not affect those that are refractory.

Vaccination of susceptible animals with suitable doses of this toxine is

said to confer immunity. The question, however, cannot be said to be

settled. Hankin, Wesbrook, Martin, Brieger, and Fraenkel have isolated

various albumoses, peptones, and alkaloids, which are more or less toxic. As
it is doubtful whether those observers had obtained all these substances free

from the toxine, discovered subsequently by Marmier, it; is difficult to say,

in the present state of our knowledge, the part which they take in the

evolution of the disease.

VI. Immunity—Treatment—Prevention

Artificial Immunity.—Pasteur's Method ofpreventive Vaccination.—One
attack of anthrax followed by recovery usually protects susceptible animals

against recurrence of the disease, much in the same way as an attack of

small-pox or vaccinia (cow-pox) generally confers immunity from the

disease.

Pasteur between the years 1880 and 1882 announced that it was possible

to reduce the virulence of various microbes by cultivating or keeping them
under certain conditions, some of which have been mentioned above.

With these less virulent organisms he was able to produce mild non-

fatal attacks of disease which protected the inoculated animals against

infection by the more virulent bacilli. He had thus found the means of

producing, artificially, " vaccins," which acted much in the same way as does

the vaccine lymph introduced by Jenner in connection with small-pox.

The first important practical application of this discovery was the method
of vaccination against anthrax. Pasteur was not the first who had attempted
to attain this result. Burdon Sanderson, Greenfield, had tried to attenuate

the virulence of the bacillus by passage through the guinea-pig. We have
previously mentioned the methods of attenuation used by Toussaint, Chau-
veau, Arloing, Chamberland, and Eoux, etc.

The only method, however, which has been used on a large scale is that

devised by Pasteur ; it is based on the attenuation of virulence and absence

of spore formation in bacilli cultivated at a temperature between 42° and
43° C. in the presence of air.

A. premier vaccin is obtained by cultivating the bacillus anthracis in

bouillon for fifteen to twenty-four days, at a temperature of 42° to 43° C.

The cultures so obtained should kill mice, but not produce a fatal illness in

rabbits or guinea-pigs.

The deuxibme vaccin is obtained by cultivating the bacillus under
the same conditions, but for ten or twelve days only. This vaccin kills

mice and guinea-pigs, but does not produce a fatal illness in adult rabbits.

A sheep inoculated subcutaneously with 5 drops of the premier vaccin, and
reinoculated twelve days later with the deuxidme vaccin, can be inoculated

two weeks after the second protective inoculation with a virulent culture

of the bacillus anthracis without serious effects being produced, as a rule.

A vaccinated animal is usually protected for a subsequent period of about
twelve months against ordinary forms of infection.

It is obvious that this method of protective inoculation depends for its

safety and efficiency on a very careful preparation, and testing of the

premier and deuxibme vaccins. Serious losses have resulted from want of

attention to these points, and doubts have been thrown on the value of this
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method. French statistics show that a great diminution of mortality from
the disease has taken place in France since the introduction of Pasteur's

vaccination against anthrax. Several German and English authorities are,

however, unfavourable to the method, which some of them consider either

useless or dangerous.

Serum Anti-charbonneux.—After rabbits and sheep have been rendered

immune to small quantities of virulent anthrax bacilli, it is possible by
injecting at intervals gradually increasing doses of the virulent cultures to

render them capable of resisting very large doses of the virus. Thus Mar-
choux has shown that one may, under these conditions, ultimately inject

under the skin of a sheep as much as 250 to 300 cubic centimetres of

virulent cultures of anthrax. When an animal has been rendered refractory

to that extent, it is found that its blood serum, obtained two or three weeks
after the last injection of virulent bacilli, has acquired preventive and
curative properties. Thus, if 1 cubic centimetre of the serum is injected to

a rabbit twenty-four hours before inoculating it with virulent anthrax
bacilli, the rabbit may resist the inoculation. The injection of the serum
after infection, though not always effective, is apparently beneficial, and the
" serum anti-charbonneux " is thought to have not only a preventive but

also a curative action.

Treatment of Anthrax.—Man offers a much greater resistance to anthrax

infection than do cattle and sheep ; this must be kept account of in esti-

mating the value of reports of cures claimed to have been obtained by the

most divergent methods.

External anthrax is undoubtedly amenable to local treatment before the

bacilli have spread far through the lymphatics or reached the blood-stream.

Extirpation by the knife or by the thermocautery, cauterisation by the

actual cautery or by escharotics, have all been recommended (see " Malig-

nant pustule "). It is well to remember that incisions passing through a

part already invaded by bacilli increase the chances of general infection.

Injections of solutions of iodine, carbolic acid, biniodide, or perchloride

of mercury, around the seat of infection, have also been recommended
either singly or in combination with excision or cauterisation.

All these methods are naturally inapplicable to internal anthrax, for

which the administration of iodine tincture (2 to 4 drops every two hours),

of sulphate of quinine, or of phenol has been recommended. It is doubtful

whether any of these methods has given satisfactory results when the

disease has become generalised.

The only method which at present seems to offer a promise of ultimate

success is that based upon the properties of the " serum anti-charbonneux."

This method has, however, not been sufficiently tested, and the results

obtained so far are not satisfactory enough to justify as yet its regular ap-

plication to the human subject and its entire substitution for other methods.

Prevention of Anthrax.—The knowledge which we now possess regarding

the life-history of the bacillus anthracis, and the various modes of infection

of man and animals, indicates clearly the nature of the prophylactic methods
which should be and have generally been adopted.

Prevention in Man.—With regard to man the following provisions are

the most important :

—

(ci) Prevention of sale, consumption, and careless handling of the carcases

of animals affected with anthrax (see " Malignant pustule " and also

(infra') " Prevention of anthrax in animals ") ; supervision of importation of

skins, hair, horn from countries where anthrax is endemic among cattle,

sheep, goats, horses, camels, etc. ;
" fallen fleeces " and " dead hides " should
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not be mixed with sound ones, if imported at all. It is, however, practically

impossible to enforce successfully adequate regulations.

(b) Disinfection of all suspicious products before they are handled by

workmen (wool-sorters, wool and hair workers, rag-pickers or sorters,

tanners, horn-workers, etc.). The disinfection of skins is unfortunately a

matter of great difficulty. Disinfection by steam damages skins, but may
be used for wool and hair if applied with care. Disinfection by formal-

dehyde gas might also be used in many cases.

(c) Prevention of the production of Dust.—" The precautionary regula-

tions " agreed upon at Bradford specify that noxious wools and hairs, which

frequently contain " fallen fleeces," shall be steeped and worked in " hot

suds " (soap and water), and afterwards sorted while damp ; that others,

which are dry and dusty, shall be sorted over " boards " (open wire work)

provided with dust-extracting fans. The collected dust must be burnt.

All dead skins and clippings, and bags in which noxious wools and hairs

have been imported, must be disinfected before they are sold. The sorting-

rooms must be disinfected and kept clean. The sorter must not work if he

have any sore or cut upon him, and requisites for disinfecting and treating

such wounds must be kept in the sorting-room (J. H. Bell).

Prevention in Animals.—These consist chiefly in the early discovery of

cases of anthrax, disinfection of dung, fodder, or litter, or any other things

which have been discharged by or have come in contact with diseased

animals, disinfection of stables, disinfection and burial of carcases in such a

way as to prevent the contamination of premises or soil with the blood or

dejecta of the dead animal. The anthrax order of 1895 indicates the means
of obtaining these objects (a good summary of this order will be found in

Crookshank's Bacteriology, 1896, p. 212). The precautions which have to

be observed in burying the carcases are specially important. The animal
must be buried as soon as possible without being opened (to prevent the

escape of blood and subsequent formation of spores in the soil), at a depth
of not less than 6 feet, in a thick bed of quicklime.

Eorage, grain, may be infected by the dust from infected soil upon which
they have grown ; infected soil may cling to roots which .have grown in it.

Any kind of fodder coming from infected areas must therefore be looked

upon with suspicion. The same may be said of grain imported in ships

where there is a possibility of it being contaminated with dust from infected

hides.
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Syn. : Psilosis linguae (Thin) (1); Ceylon sore mouth; Tropical aphthce ;

Chronic tropical diarrhoea; White flux; Aphthaco -gastro - enteritis

tropica; Seriawan (Malay).

Definition.—Sprue is characterised by a chronic catarrhal condition of

the alimentary canal from the mouth to the anus, accompanied by tender-

ness of the tongue, throat, and gullet, aphthse of the tongue and gums,
diarrhoea of a special character, and a gradual atony and physiological in-

competency of the organs and fluids of digestion. During the course of the

disease there are fluctuations of improvement and relapses, which may end
in recovery, or in anaemia and fatal exhaustion.

Geographical Distribution.—Sprue seems to be endemic in India,

Ceylon, the Malay Peninsula, the Malay Archipelago, Annam and Tonquin,
the Antilles, the coast and river ports of China, and in some of the ports of

Japan. Hillary described an affection resembling sprue in Barbados in

1776. The disease is mostly met with amongst white people in these

countries, although natives are not exempt. The question as to whether the

disease occurs in Japan is no longer doubtful, the writer having recently

met with the disease in Europeans who have long been resident there.

Etiology.—The immediate cause of sprue is not known. Confined as it

is to tropical and subtropical countries, it would appear that heat and
moisture have a direct influence in its production, but the absence of the

disease from countries with similar climate other than those mentioned
above, would appear to imply the action and presence of some other factor.

Many attempts have been made to discover the cause, the mode of investi-

gation being mostly examination of the stools of persons suffering from
sprue ; no conclusive evidence has, however, been advanced. Normand (2),

in 1876, found in the stools of French soldiers who had returned from
Cochin China to Toulon, suffering with chronic diarrhoea, two nematodes
to which he ascribed the disease. Bavay named the larger of these worms
the Anguillula intestinalis, and the smaller the Anguillula stercoralis.

Leuckart subsequently showed, however, that the former of these, the

A. intestinalis, was the parent, and that the A. stercoralis was the embryo
of the same species. Leuckart renamed the parasites the Rhabdoniena
strongyloides (2). That this parasite, however, has anything to do with

the causation of sprue is more than doubtful, for sprue occurs without

the parasites being present, and the geographical distribution of the

parasite is much wider than that of sprue. Begg (3), from the fact that

santonin in his hands gave good results in the treatment of sprue, believes

that an intestinal worm, probably the round worm (Ascaris lumbricoides),

is the cause of the disease. The writer (4) is of opinion that food in some
form is to blame, especially in persons whose digestive functions are im-
paired by prolonged climatic influences. Of these foods the crude and acrid

vegetable oils used especially by Chinese and Malay cooks is the most likely

to cause gastro-intestinal catarrh. In India ghee, or some one of the many
adulterations of or substitutes for ghee, may serve as a cause. As sprue

does not occur amongst recent arrivals in the tropics, but usually after ten
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or fifteen years' residence, the writer's opinion is that the prolonged irritation

of the alimentary canal by the use of such oils is a possible cause of the

ailment. The oils used by these native cooks are the oil of the rape plant,

which, however, is frequently adulterated with hemp oil, rosin oils, or even
mineral oils. The Chinese use also the oil from the ground (pea) nut, from

the tea-oil-plant, a species of camellia, and even vegetable tallow derived

from the Stillingia sebifera, as a substitute for animal fat.

A bacterial origin of the disease has been many times believed to have
been found. Thin found a rod-shaped bacterium in the faeces of sprue

cases and in cultivation experiments ; a similar bacterium is described by
Wethered. The writer believed he had in 1893 isolated a bacterium, but
abandoned the conclusion on further investigation.

Europeans are more liable to sprue than are natives. Of 203 cases

collated by Van der Burg in Java and Sumatra, 171 were Europeans and
but 32 natives.

Long residence in a warm climate favours the development .of sprue. It

is seldom that Europeans until after a residence of ten years in a hot

country contract the disease. Sprue may, however, defer its appearance
until after a tropical environment has been changed for a temperate.

Women are more often attacked than men. Middle-aged persons are

more liable than the young or the old to acquire the disease, but no age is

exempt.

Chronic ailments, more especially those of an intestinal origin, predispose

to sprue, so also does a lowered vitality from almost any cause. As usual

in a disease arising from a scientifically undetermined cause there are many
theories as to origin in addition to the above, such as bad food, chronic

dysentery, frequent confinements, miscarriages, and other feminine ailments,

chills, curry, cold drinks, the exhibition of mercurials, more especially

calomel, and the abuse of alcohol. In regard to alcohol opinions are

divided, but it would appear that the disease occurs amongst total abstainers

as well as heavy and moderate drinkers, but in what proportion is unknown.
Clinical Features.—Sprue commences so insidiously, and its early

stages run their course with so few distinctive features, that it is impossible

to date exactly the period of invasion.

Premonitory signs and symptoms of sprue consist of attacks of sore

tongue and tender gums, with the formation of follicular ulcers on the several

parts of the oral cavity. The attacks last about three weeks, increasing

during the first week, reaching a climax of mouth tenderness, with aphthae,

during the second, with gradual subsidence during the third week. During
the attack the patient is easily fatigued, becomes irritable and dyspeptic,

and may or may not have an attack of diarrhoea. Eecurrences of sore

mouth may be frequent, as many as five or six in the year ; they may con-

tinue for several years, only to disappear when the patient takes up residence

in a temperate climate, or they may end in sprue. It is usually stated that

the patient suffers from gastro-intestinal catarrh before the mouth tender-

ness. This may be the case, and probably is the fact, but the former is less

troublesome, and attended by less discomfort than is a sore mouth, so that

the soreness is remembered, whereas an evanescent dyspepsia or intestinal

flux is neglected and forgotten. In the writer's opinion irregular and
recurrent mouth tenderness unattended by intestinal flux precedes the

establishment of the actual disease. As sprue gains a hold on the patient

the symptoms complained of are diarrhoea, tenderness of the tongue and
mouth, and dyspepsia.

Diarrhoea may commence quite insidiously, a slight looseness of the

vol. xi 23
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motions by its persistence attracting the patient's attention. On the other

hand, the diarrhoea may be acute at the onset, and after a week or two
develop into an established intestinal flux of a less severe character. The
most frequent form, however, is that in which the patient is called out of

bed in the early morning by a desire to go to stool. Before breakfast a

second stool may be passed, and soon after the meal a third. Up to about
eleven or twelve o'clock in the forenoon stools may pass at intervals of one
or two hours, but after noon the patient seldom has to go to stool. In the

late stages of the illness the patient is usually called to stool about two
o'clock in the morning, in addition to the early morning stools.

The character of the stool varies with the stage of the disease, with the

food taken, and with the treatment. Neither the frequency of defecation

nor the bulk of the motion is in exact relation to the stage or intensity

of the illness, frequency of stool being sometimes associated with but
slightly marked tenderness of the mouth or constitutional derangement.
The motions -are at first usually quite loose, consisting of a watery evacuation

without blood, with but little or no mucus and of a pale yellow colour. The
motion may escape with considerable force, attended by some griping, and
is usually followed by a feeling of weakness, and occasionally clammy
perspiration. As the illness advances the stools become less liquid and
more pultaceous in character. The stools are of a dirty white colour, and
of the consistence of thick mud. At times, and for a week or weeks to-

gether, the stool may be frothy, bulky, and fermentative in appearance, a

condition which may alternate with one during which the stools assume
the thick, muddy appearance described, and quite devoid of gaseous fer-

mentation. The consistence and appearance of the stools harmonise with

the state of the mucous membrane of the alimentary canal. During an
acute spell of tender tongue, associated with stomachic and intestinal

catarrh, the stools are of a fluid character ; when the acute attack wears off

the stools again become muddy in consistence. It would appear (a) when
diarrhoea is present as though the stools passed before fermentation had
developed

; (5) when the contents of the bowel are longer retained and are

thicker, but with bubbles of gas, the intestinal fermentation would appear to

have begun, but not completed before the motion took place ; and (c) when
the motion is like mud, and with but little or no gaseous admixture, the

explanation would seem to be that the butyric and other fermentations are

completed before the stool is passed. Towards the later stages of the

fatal form of the disease the stools become watery, with a heavy, fetid,

repulsive odour, of a dirty brown colour, alternating with one of light straw
colour. The stool has an acid reaction, the bile pigments are almost en-

tirely absent, but the bile acids are present, although in what proportion to

the normal has yet to be ascertained.

Tenderness of the tongue may develop gradually, or it may appear as

a sharp, sudden attack. At the ridge and tip of the tongue, red, raised

spots appear, which gradually spread over the entire surface. The tongue
assumes a glazed appearance in consequence, as though its epithelial sur-

face was shed. The papillae disappear, the tongue shrinks in bulk and is

at last protruded with difficulty. Shallow transverse fissures, small

cracks, superficial erosions, and ulcerations appear, more especially on the

edges of the tongue, on the gums, frenum, and inside the cheeks and
lips, which in time appear reddened and bare of epithelial covering.

The tongue is very sensitive, not only to salt and acid substances, but such

apparently non-irritating substances as bread, potatoes, etc., give rise to

pain in the mouth. The senses of taste and smell are also impaired in
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advanced cases. Discomfort in speaking and swallowing is commonly
complained of in sprue, and occasionally profuse salivation.

An ulcer, described by Crombie, and named " Crombie's Molar Ulcer,"

which appears between the two last molar teeth of either the upper or lower

jaw, is considered by some to be a sign of commencing sprue. Dyspepsia in

sprue is usually of the atonic variety, and attended by the feeling of fulness

and uneasiness over the stomach, eructations, belching, heartburn, etc. ; the

appetite is variable, and vomiting may become pronounced, the vomit being

mostly of a sour character, with a faint taste and odour, and with much
mucus. Curiously enough the vomiting most frequently occurs about

mid-day. The mouth, fauces and gullet feel so hot at times that the patient

is tempted to sip cold or ice-cold water, or sucks ice persistently. The
patient in course of time loses weight, the subcutaneous fat disappears, the

skin becomes dry, harsh and loose, the features appear drawn, the sclerotic is

of a pearly white hue, anaemia becomes more marked, and oedema in advanced

cases develops in the feet and legs. Irritability of temper, low spirits

amounting even to melancholia, and progressive weakness increase as the

ailment develops and in proportion to its severity.

The physical signs are chiefly confined to the abdominal organs. The
abdomen, at first rather retracted, becomes somewhat distended at a quite

early period in the disease, but its walls are soft, and the hand in palpa-

tion can be pressed deeply without any endeavour at resistance. In the

last stages of fatal cases the abdomen sometimes shrinks and retracts, cor-

responding with the general emaciation. The liver shrinks in size at an
early period of the disease, and it is even difficult at times to discover any
hepatic area of dulness in long-standing cases of sprue. The other organs

of the abdomen present no characteristic feature. The urine is usually

limpid and light in colour, with a low specific gravity, and, except in the

last months of illness in fatal cases, albumin in the urine is not met with.

Fever is not a distinctive feature in sprue. A temperature below the

normal is the rule, but during an attack of sore mouth there is a slight

evening accession, and during the last few weeks or months of fatal cases a

temperature between 100° and 102° or 103° F. is the rule. As weakness
progresses a dry cough is often present, and the voice, at first hoarse and
harsh, may be reduced to a whisper. The skin exhibits patchy brown
pigment spots. Profuse night-sweats are frequently complained of. Slight

inflammation of the rectum, attended by some blood and mucus in the stools,

and with anal discomfort and pain, is common in fatal cases. The im-
mediate cause of death is usually pneumonia or cardiac failure; the patient

dies exhausted, worn out by the long period of physiological starvation of

his tissues and organs. The duration of the disease is quite indefinite,

amounting it may be to many years.

Pathological Anatomy. —The body appears shrunken and emaciated, as in a
person dead from starvation. Unless some inflammatory changes have super-

vened, the lungs appear pale and shrunken. The liver may be pale orvery dark
in colour, or at times bile-stained ; it is much reduced in bulk and weight. The
spleen is small and usually anaemic. The stomach and intestine look pearly
white, the stomach somewhat distended, the small intestines atrophied or con-

tracted, and the large intestine distended, and its wall well-nigh translucent.
The mucous and submucous tissues are loosely adherent to the muscular walls,

and are easily stripped off the intestinal surface. No ulceration is met with in

the small intestine, but here and there erosions occur in the large bowel and in

the rectum.
Microscopically examined the epithelium of the intestine is found in parts to

be lacking ; the villi, Lieberkuhn's follicles, the solitary glands, and Peyer's

patches are atrophied and in many parts have wholly disappeared. Other
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observations are a cirrhotic condition of the submucous coat, and cyst-like dilata-

tions of follicles in the submucous coat, filled with a gummy, semi-purulent
looking material. Fatty or amyloid degeneration of the intestinal mucous mem-
brane has been noted, and atrophy (occasionally enlargement) of the mesenteric
glands.

Diagnosis.—Persistent mouth tenderness and diarrhoea are the two
diagnostic features of sprue. Until these are established as something
more than mere temporary derangements, such ailments as stomatitis,

glossitis, and dyspeptic ulcers of the tongue may be mistaken for the

beginning of sprue. When the disease is established the bare surfaces of

the oral, faucial, and pharyngeal surfaces, the gastro-intestinal condition,

the distinctive stools, and the accompanying loss of weight and ansemia,

characterise sprue with sufficient exactitude to allow of a positive diagnosis.

The later stages of sprue resemble very closely the later stages of chronic

dysentery, and it is chiefly by the antecedent history, in the absence of

microscopic or bacteriological evidence, that a conclusion is arrived at.

Amongst natives the condition of the mouth due to betel-chewing (5) re-

sembles very closely the appearance met with in sprue, but the red staining

of the tongue and buccal cavity generally, and the absence of gastro-

intestinal derangements in betel-chewers, at once differentiate the condition.

Prognosis.—Sprue is always to be regarded as a serious ailment. In
persons over 50 recoveries are rare, but in younger persons, if the disease

is treated early, and especially if the patient can leave the warm climate

where he or she contracted the disease and reside in a temperate climate,

good hopes of recovery may be entertained. One of the most grave com-
plications of sprue is pregnancy, the patient usually dying immediately or

within a few days after the child is born, be it at the full time or some-
what prematurely. - The treatment involves so great an amount of self-

denial that but few have the fortitude to go through an uninterrupted

course of the dietetic restraint necessary.

Treatment.—Dietetic Treatment.—1. The pure milk treatment consists

in putting the patient upon milk, and milk only, for some considerable

period, it may be for many months. It is wise to commence by
keeping the patient in bed for say a month at least. The milk may be

taken cold, warmed, scalded or boiled, according to taste. There is no
doubt that sterilised, freshly drawn milk is the best form in which to

exhibit milk when this can be had. The quantity of milk to be given

in the twenty-four hours should not be less than four pints nor more than
six. The patient should be fed every hour or every two hours ; the milk
should be sipped slowly, or taken even with a teaspoon. Aeration of the

milk by some one of the patent methods of aeration without diluting the

milk is to be commended.
2. Meat Diet.—The writer advocates meat diet (5) in place of milk, hold-

ing that cure is delayed by keeping the patient on milk. The effect of giving

milk only is to bring about a stool which may be solid, but which is little

more than a mass of soft, cheesy material having neither the fsecal odour

of a healthy stool nor with any of the evidence that the bile or intestinal

juices are called into play. The atrophy of the liver is a marked
pathological feature of sprue, and as milk does not call the liver of an

adult into physiological activity, that organ continues to atrophy and to

become less and less active. The regime pursued in advanced cases of

sprue, when the patient is very weak and anaemic, is to put the patient to

bed, to feed the patient every hour, even every half-hour, or in desperate

cases every five minutes it may be, with teaspoonfuls or dessertspoonfuls
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of beef juice made from the fresh beef, not the prepared article ; and to

supplement this with scraped beef, raw meat, beef jelly, calf's-foot jelly, or

even plain jelly. As a drink plain hot water in considerable quantity may
be given with benefit : as alternative drinks, whey, made by pre-

cipitating the curd of milk by rennet ; rice water, the water in which rice

is boiled (conjee) ; rice tea, made by roasting rice until it is brown, and
then making an infusion by pouring boiling water over it.

As the patient's strength improves, as in all probability it will, the

intervals of diet may be increased, and raw meat sandwiches given occasion-

ally. Soon finely minced beef, passed thrice or oftener through the

mincing machine, beaten up into a thick cream with a little water and
with salt added, is to be gradually " warmed " in a saucepan, and given in

small quantities according to the strength of the patient. As the condition

improves a baked apple may be added to the diet, and the simplest form

of diabetic bread. Subsequently the patient is to be kept on underdone
meat, chicken cream, steamed chicken, game ; and, if the diarrhoea is in

abeyance, rice, well steamed and dried, is tolerated when the simplest

form of milk pudding will cause diarrhoea or flatulence. Should the

patient not be alarmingly feeble, he may be placed on meat, thoroughly

minced, and carefully "warmed" at once, giving 5 oz. at a time and
thrice daily. Between meals the patient is to have beef jelly, chicken

jelly, or plain jelly, to satisfy the cravings of appetite, for he must never

be allowed to be hungry. When the patient wakes at night he must be

fed systematically.

The very first meal of a " meaty " nature will bring down a bile-stained

motion. Pent up so long there is a tendency for bile at first to cause

looseness, which, however, must not induce the practitioner to change the

diet, or to administer drugs whereby to check the diarrhoea. It is an
axiom in the treatment of sprue that astringents, given with the purpose
of arresting diarrhoea, are a mistake. When the diarrhoea increases, or the

stools show signs of fermentation, the writer invariably administers a

teaspoonful or two of castor oil, with the object of sweeping away the

offending material, instead of attempting to retain it in the bowel to work
further mischief.

The shrunken liver will, by this treatment, be found to increase rapidly

in size, the distension or retraction of the abdomen will subside, but the
cure will not be effectual until the liver regains its normal size.

As adjuncts to this system of diet the patient must be kept in bed, it

may be, for a few days only. A wet pack, warm at first, but used cold as

soon as possible, should be applied to the abdomen night and morning for

two hours at a time. The " pack " must be kept firmly in place so as to

exercise some compression by a large bath towel wrapped round the body,
pulled tightly, and secured by safety-pins. Between the applications of the
wet pack a pad of flannel or cotton-wool, also tightly supported by a body-
bandage, should be placed over the abdomen.

The Fruit Cure.—The good obtained by Van der Burg in Java by freely

administering such fruits as strawberries, apricots, peaches, apples, pears,

bananas, grapes, and even such fruits as mangostenes, melons, etc., peculiar
as it may seem, is commendable as a reserve method of treatment. Thin (7)
found strawberries efficacious. The rationale of the treatment may consist

in the fact that a scorbutic element is present in sprue, a condition by no
means unlikely.

Drugs play but a small part in the treatment of sprue. Bael fruit has
been tried in British India and in Siam. The fruit must, however, be
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recently prepared from perfectly fresh fruit ; it is doubtful if the prepara-

tions made from the dried fruit, or that have been long kept, are of value.

Santonin, in the opinion of Begg, in Hankow, China, holds a high place as

a remedial agent in sprue. He insists that the santonin should be of the

yellow (impure) variety, or rendered yellow by exposure to light. Begg
first administers a dose of castor oil, and then gives six doses of santonin

of three grains each. Other drugs, such as bismuth, papain, mercurial

salts, sulphuric acid, opium, vegetable charcoal, have all been employed,

whereby to treat symptoms as they arise, but with no specific intent.

The local condition of the mouth is at times so troublesome as to

require relief. Painting the tongue with 1 to 10 per cent of solution

of cocaine before taking food is rational and efficacious in allaying pain

and allowing food to be taken. Einsing out the mouth when there is

much buccal ulceration with 1 per cent solution of carbolic acid affords

relief and promotes asepsis. In place of carbolic acid, mouth washes of

alum, chlorate of potash and even common salt may be tried. Van der

Burg recommends rinsing the mouth out with a tincture made from the

rind of the Heterocarpus indicus. When ulcers are troublesome, touching

their surfaces with sulphate of copper favours a return to a healthy

action.

LITERATURE.—1. Thin, George. Practitioner, xxxi. 1883, p. 169.—2. Arch, de mid.

nav. Jan. and Feb. 1877.— 3. Lancet, Jan. 15, 1898.—4. Practitioner, Dec. 1898.—5. Scheube.
Die Krankheiten der warmen Lander.— 6. Practitioner, Dec. 1898.— 7. Joum. Trop. Med.

Sept. 1899.

Hill Diarrhcea

Observations made in many parts of the world point to the prevalence

of an intestinal flux when a high altitude is reached. At the hill stations

in India this phenomenon has been more frequently observed than elsewhere.

This is, in all probability, owing to the fact that more Europeans seek the

hill stations in Northern India than in any other country ; and, perhaps,

the fact that the heights are quickly reached from plains where intense

heat prevails, serves to increase the tendency to the complaint in this part

of the world.

The etiology of hill diarrhcea is not known, but in all probability it is

due to a sudden change upon the economy caused by marked atmospheric

changes in the temperature, in the barometric pressure, and in the

humidity. The action of the skin being checked, partly by the fall in

temperature at high altitude, and partly by the increased humidity, extra

work is thrown upon other excretory organs which, until the balance

is adjusted, may show itself in increased excretory activity of the lungs,

the kidneys, and the intestines. There may be some further direct cause

for hepatic insufficiency and portal congestion which determines the flux

being intestinal. The height at which hill diarrhcea is observed is any-

thing from 1000 to 10,000. When the complaint was first recorded an

elevation of 6000 was the lowest level at which it was stated to appear,

but during recent years hill diarrhoea has been observed at much lower

levels. The writer observed that many residents near the sea-shore in

Hong-Kong had diarrhcea for a week or two on taking up their abode

at about 1000 feet above sea-level. Other theories of causation have been

advanced. The unnltered and unsettled water from mountain streams in

the Himalayas are stated to contain fine particles of mica and grit, and to

the mechanical irritation produced by these hill diarrhcea has been attri-

buted. So far, therefore, a climatological and mechanical explanation has
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been sought, but the cause may belong to bacteriological or other factors,

of which at present, however, nothing is known.
Signs and Symptoms.—Immediately upon reaching an altitude of, say,

a few thousand feet above a tropical plain, some persons are liable to be

attacked by a looseness of the bowels characterised by several peculiar

and distinctive features. The stools begin usually about 4 A.M., and
between that hour and noon some six or seven stools occur. The patient

wakes suddenly with an intense desire to go to stool. The motion is

attended by a sense of relief, and with but little griping or tenesmus.

Stools are repeated, it may be every hour up to say 11 A.M., and they

then cease for the rest of the day, to recur only in the early morning of the

following day. With almost mathematical regularity do these stools

appear for days, or even weeks, until, in fact, the patient becomes acclim-

atised, or until he seeks relief by returning to the plains. The motions

vary in consistence, being at times watery, but more often of a thicker,

pasty character, and of a dirty white or pipe-clay appearance. Flatulence

and dyspepsia are marked accompaniments of the troublesome diarrhoea,

the abdomen becoming prominent and flabby from gaseous distension of

the stomach and intestines.

Diagnosis.—The sudden appearance of pipe-clay loose motions occurring

during the earlier part of the day when a high, or fairly high, altitude is

reached, and disappearing when lower levels are revisited, serve to

sufficiently distinguish hill diarrhoea from other forms of intestinal flux.

Prognosis.—After a week or two hill diarrhoea may disappear spontan-

eously, the patient becoming acclimatised ; on the other hand, the com-
plaint may require the patient to return to the plains, owing to persistence

of the symptoms, and to the development of considerable debility. In
some cases sprue has been observed to result from hill diarrhoea.

Treatment by rest, diet, and drugs affords relief in some cases. A milk

diet is usually prescribed, and with occasionally excellent results. Several

aids to digestion, such as pepsine, lactopeptine, acids, peptonised foods, etc.,

are beneficial ; and Crombie x advocates well-diluted drachm doses of liquor

hydrargyri perchloridi after meals.

1 Indian Medical Gazette, Dec. 1880, May 1892.
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Stammering (or stuttering) is a functional affection of speech, and
in order to understand its causation and treatment, it will be necessary,

in the first place, to give a brief analysis of the processes concerned in the

production of ordinary speech, and, secondly, to note what alteration in the

processes causes this affection.

Speech consists of words. Words are combinations of vowels and
consonants.

In the formation of these vowels and consonants the concerted action

of three separate mechanisms is necessary :

—

I. The respiratory mechanism to supply the breath which puts the

vocal cords into vibration.

II. The laryngeal mechanism. This consists of two parts : (a) the true
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vocal cords which, by their vibration, give rise to the voice or sound of

speech ; and (b) the false vocal cords which control the exit of the breath.

III. The oral, or rather the oro-nasal mechanism, which, by means of

the lips, teeth, tongue, and soft palate, moulds the voice into the different

vowels and consonants. A vowel has been defined by Ellis as "a

modification (due to resonance in the cavities above the larynx) of an

original quality of tone, produced by the vibrations of the vocal cords in

the larynx." Every vowel is a continuous voice sound, and calls the

above three mechanisms into play.

Consonants may be divided into two main groups : (1) Breath or voice-

less consonants, in which there is no voice-sound ; and (2) Voiced consonants,

which have the same oral position as the first group, but have in addition a

concomitant voice sound. The following table represents the physiological

alphabet constructed by Alexander Melville Bell in 1849. In it the con-

sonants are placed in parallel lines :

—

Voiceless. Voice. Voice + Nasality.

P b m
f V
wh w
t d n
th th (dh)

1

r

s z

sh zh

y
k g- ng

On referring to the table, it will be seen that in order to form the

breath consonants the breath is completely obstructed at three points :

—

(1) By contact of the lips.

(2) By contact of the tip of the tongue with the anterior part of the

palate.

(3) By contact of the back or root of the tongue with the posterior part

of the palate. At the first of these points are formed the articulations p
and b; at the second t and d; and at the third k and g ("hard"); the

former of each of these parts being the " breath," and the latter the " voice
"

forms of the articulation. While the oral organs are in obstructive contact

the breath or voice may be made to issue by the nostrils. This is the mode
of formation of the English elements m, n, and ng. For m the lips are

closed, as in forming p and b ; for n, the tongue is on the palate as for t and

d ; and for ng, the posterior organs are in contact, as in forming k and g.

F and v are formed by partial contact of the lower lip and upper teeth

;

th and th (dh) by partial contact between the tip of the tongue and the

upper teeth, and I by partial contact of the tip of the tongue and forepart

of the palate, while the sides of the tongue vibrate freely.

In trilled r the tip, and not the side of the tongue, is allowed to vibrate,

thus differing from I with which it is often confused. In wh and w there

is merely approximation of the lips, and in s and z, sh and zh and y, ap-

proximation of different parts of the dorsum of the tongue to the hard palate.

In the formation of these consonants it is well to bear in mind that

I, m, n, ng, r, dh, z, zh, w and y can be compared to the vowels, in that

they are all continuous voice sounds, and like them are seldom a cause of
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trouble to the stammerer. Any or every one of the other consonants, how-
ever, may present the greatest difficulty.

In the formation of the breath consonants there is one point of the

utmost importance, which, so far as the writer is aware, is mentioned by
Melville Bell, and by no other writer on the subject. As it is important

not only in the correction of speech affections, but also constitutes a crucial

distinction between good and bad voice production, it will be best to give it

in his own words r
1—

"The voice-organ and the articulating organs are entirely separate

and independent ; and the elements of their respective utterances are

not coalescent, but merely sequent, however rapid and close may be
their apparent connection. All actions of the vocal organs which
partially or wholly obstruct, or which compress the breath or voice,

are called articulations (or consonants). The necessary effect of such
obstructions or compression is a degree of explosiveness in the breath
when the conjoined or approximated organs are separated. Hence arises

an element of audibility produced by or with the mouth. When the

current of unvocalised breath is altogether stopped by organic contact,

as in p, t, k, the only audibility that the letter so formed can have
is the puff or explosion which follows the separation of the organs. This
must therefore be clearly heard, or the letter is partially lost. In the mode
of producing this little effect lies one of the most important principles of

speech—a principle on the right application of which depends much of a

speaker's distinctness, and all his ease. Here lies the point of importance.

If only the breath in the mouth, and not anyfrom the lungs, be ejected, a
distinct sharp, quick percussion will be heard, which gives to these breath

articulations all the audibility of which they are susceptible. The want of

pharyngeal power manifests itself by distension of the lips and cheeks for

p and b ; by incontinency of breath for t, k, d, g, by laborious actions of the
chest to create the explosive audibility of these letters ; by scattering the
saliva for s,f, and other continuous elements; and by general indistinct-

ness of articulation. It is the want of power to retain the breath after

consonants which causes the great difficulty that stammerers experience in

joining consonants to succeeding vowels. They will often get smoothly
over the consonants and stumble at the vowel. They must bear in mind
that the breath in articulation is exploded from the mouth, and not from
the chest. The space within which the air is compressed is above the
glottis ; and the effect of the compression must not be communicated below
the glottis. The quality of clear-cut articulation depends on the due
separation of the functions of the vocalising and articulating organs. The
vocal sound seems to be unbroken, because the actions of the tongue and the

lips, while interwoven with it, do not interfere with it.

" All singers and all speakers may attain this bright excellence of
articulation by forming consonants with the economic impulses of the
pharynx instead of the wasteful explosion of breath from the chest."

Even Wyllie, in his classic work, The Disorders of Speech, has failed to

note this important practical point.

Thus in speaking of his physiological alphabet he says :

—

" Before I proceed to draw up this alphabet let us consider, in the light of
a few examples, the delicately co-ordinated action which is carried on in
combination by the two mechanisms, laryngeal and oral, in the production
of ordinary speech. Take the word satisfy. Here the laryngeal mechanism
is called upon to touch off three separate vocal sounds, each of which is

1 Postscript on Elocution.
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evolved by the vocal cords during an instant of approximation, viz. the

sounds a, i, and y ; and, between these sounds, the open glottis must 'permit

the current of air to pass noiselessly into the mouth, where it will be utilised

for the production of the voiceless consonants, which are made, as it were, to

clothe the vowels in front and behind. Let the naked vowels, as they

sound in this word, be pronounced, and then the full word itself; and
the extreme delicacy and exactitude of the three separate co-aptations of

the vocal cords will be realised. Let there be any delay in the pro-

nunciation of the first vowel, and the initial s will be hissed and prolonged

exactly as it is by the stammerer.
" But the voice is not an exclusive possession of the vowels ; many of

the consonants are also in part made up of voice. Take the word wonder,

for example. Here every letter, consonant and vowel alike, contains voice;

so that the larynx has to maintain its vocal cords in co-aptation throughout

the whole word, which may even be repeated many times in a deliberate

and continuous hum. But add to this word the final syliable ful; and as

the word, with this addition, is being hummed over, note the moment of

interruption of the hum during the production of the voiceless/. For a

moment the vocal cords have been thrown apart to permit of the passage of

voiceless air for the f ; but they are immediately brought together again for
the production of the vocal u. These examples may suffice to show what a

delicate and exact work the larynx has to perform, in supplying the vocal

element to the vowels and vocalised consonants, and in intermitting the

voice production when the air is required for consonants that contain no voice."

A comparison of the statements of Bell and Wyllie respectively shows

a fundamental difference between their conceptions of consonantal produc-

tion. In the writer's opinion, not only is Bell's explanation the more

accurate one, but it has the additional advantage of usefulness in the

treatment of stammering. The practical lesson to be drawn from Bell's

dictum is that it is not necessary to intermit the voice (as stated by
Wyllie) in order to interpolate the consonants.

In addition to the above-mentioned three points of closure which have,

by Wyllie, been aptly named the 1st, 2nd, and 3rd " stop positions " respec-

tively, there is another point at which the larynx can be completely

obstructed, so that neither breath nor voice can issue. The discovery of

this was made by Wyllie, and published by him in 1866. He then showed

that there is in the larynx a double valve, consisting of the true and false

vocal cords, and that the latter control the exit, whilst the former control the

entrance of the air into the chest.

Bearing these facts in mind, we will now consider what takes place

when a fit of stammering comes on. In some few cases there is a want of

co-ordination between the respiratory and laryngeal mechanisms, and the

patient may even try to speak without first inhaling. In the great majority

of cases, however, the want of co-ordination is between the laryngeal and

oral mechanisms. The result has been well described by Kussmaul, who gives

the following graphic word-picture of a paroxysm of stammering :

—

"He closes the oral canal at one or other of the closing points,

according to the nature of the letter to be articulated, and this he does as

well as a man who possesses the faculty of speech could do it; instead,

however, of allowing the vowel to follow without delay, he presses his lips,

or his tongue and teeth, or his tongue and palate, more firmly together than

is necessary ; the explosive escape of breath does not take place, the other

muscles of the face and those of the glottis, and even the muscles of the

neck, become spasmodically affected like those of articulation, gesticulatory
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movements are made, the abdomen is retracted, the head is drawn backward,
and the larynx is drawn forcibly upward, until finally he works himself
into a state of frightful agitation ; his heart beats forcibly, his face becomes
red and blue, his body is bedewed with perspiration, and he may present the
appearance of a complete maniac."

In all such cases, voice, produced by the laryngeal mechanism, is

wanting, and the stammerer, not knowing what is at fault, misdirects his

energy into the oral mechanism. " From the nerve centres of oral mechanism
thus surcharged," as Wyllie points out, an " overflow in many cases occurs."
" The habit of overflow in the nervous mechanism of articulation wears, in

time, easy channels for the overflow; so that very slight surcharge may eventu-
ally suffice to produce spasmodic movement of the neighbouring muscles."

When the obstruction is caused by the action of the false vocal cords
the sufferer may stand with the mouth wide open, and perhaps with the
tongue protruded, and when the spasm is relaxed the words pour out until

there is no breath left. On renewing the breath the same thing may occur
again. This is the explanation of that less common variety of stam-
mering in which the patient sticks at initial vowels. It is interesting to

note how well this condition has been described by Shakespeare. 1

Etiology.—The causation of stammering is somewhat obscure. It is

said by many writers to be hereditary, and to occur especially in families

with a neuropathic diathesis. Such an explanation, however, does not
cover the whole field, because, as all speech is primarily due to imitation,

it is highly probable that cases of so-called heredity are really to be
explained by imitation, and on the other hand many stammerers are not
only in the beginning strong and healthy in themselves, but come of a
healthy stock. When the affection, however, has persisted for some time,
the daily and hourly worry and annoyance which it causes tends to produce
other nervous symptoms which, of course, will be doubly marked if the patient
be of a nervous diathesis. The writer knows of one family in which the
eldest child contracted the habit from a stammering nurse, and the five

younger members all became stammerers. The youngest member, having
had five bad examples, is much the worst. It is an interesting fact, also,

that in two at least of the family the stammer disappears on removal
from the family circle for a short period, and reappears on rejoining it.

The commonest cause, however, is undoubtedly imitation. In most
cases the imitation is unconscious, but in some it is done to tease and annoy
a companion, and is persisted in until " the biter is bit."

A sudden shock or fright has sometimes been the starting-point, or a
severe and unmerited whipping at school. In some instances the affection

has come on during convalescence from severe illness, such as typhoid
fever or diphtheria. In the latter paralysis of the soft palate or diaphragm
may have been a factor in the case.

It has been stated that it does not occur in Jews owing to their being
circumcised, but two of the author's cases have been Jewish boys, one of
whom had an elder sister who also stammered. The occasional association of
stammering with adenoid growths in the naso-pharynx has also been noted.

Many other sources of peripheral irritation, such as intestinal worms, or
the eruption of a permanent molar tooth, or a tight prepuce, may act as
exciting causes.

1 " I prithee, tell me who is it quickly, and speak apace. I would thou couldst stammer, that
thou mightst pour this concealed man out of thy mouth, as wine comes out of a narrow necked
bottle, either too much at once, or none at all. I prithee, take the cork out of thy mouth that
I may drink thy tidings."

—

As You Like It, Act III. Scene 2.
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Prognosis.—On the whole this is favourable. Some cases get well

without special treatment. A certain number are cured by so-called

"stammer-doctors," but, on the other hand, a certain number get worse

under their treatment, or in addition to the stammer may acquire other

habits equally objectionable and annoying to the bystander, such as beating

time with the foot or hand, or nodding of the head. Others may have been
cured by properly qualified teachers who have studied the subject on scientific

principles.

But over and above all the cases of Cure, there are some stammerers who
have been taught what they ought to do, and who can do it, when reading

or reciting aloud to themselves or speaking to their teacher, yet the moment
they are called on to take their part in daily life and to mix with strangers

the stammer reappears, after perhaps months of hard work, and their case

becomes as distressing as ever.

In such cases, otherwise intractable, it has come within the writer's

experience that hypnotism is sometimes of great benefit, and no case should

be pronounced incurable until this has been tried.

Treatment.—The first step in the treatment is to attend to the patient's

general health, and to remove all sources of peripheral irritation which may
have caused the patient to stammer, or tend to maintain the condition.

The teeth should be attended to. The pharynx and naso-pharynx should

be inspected for enlarged tonsils and adenoid growths, and if present they

should be removed. All male patients should also be examined in regard to

the condition of the prepuce. Even in Jewish children this is necessary, as

the operation of circumcision is not always efficiently performed by the

Eabbi, and the writer has seen a case in which there was distinct improve-

ment in the stammering after the operation had been repeated by a surgeon.

Nervous and shy children should be removed from school, not only for

their own sake, or because their life is often made miserable by the jeering

of their companions, but also for the sake of the other children who, by
imitating them, may themselves become stammerers.

The practice of putting several stammerers into a special class, so

that their education may proceed pari passu with the treatment of their

stammer, cannot be recommended. Several patients have been brought to

the writer who had been treated in this manner. Not only were the

results unsatisfactory, but in some cases the affection had been aggravated.

The parents of stammerers seldom realise the importance of early treat-

ment. They may be divided into two classes—(1) Those who pay no heed

to the misery and discomfort which may be caused in childhood, or to the

disabilities to which the affection may lead in after life; and (2) those

who do not fail to recognise the desirability of treatment, yet are unwilling

to have their child, removed from school in order that the treatment may
be effectually carried out.

In the case of a boy at a public school, there can be no doubt that it is

much better and really a saving of time to have the boy kept from school

for a term, or for such longer period as may suffice to get rid of the stam-

mering and establish a habit of correct speech.

Stammerers as a rule, if the habit has persisted for any length of time,

are deficient in initiation and in tenacity of purpose, and they may be

roughly divided into two classes ; viz. those who are anxious to*be cured,

and those who are totally indifferent. With the latter class, of course,

nothing can be done. But many boys who have not got to an age to be

able to appreciate the importance of being cured, and are unwilling to

submit to treatment if carried on during their holidays, are yet willing
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enough learners if they be kept from school and treated during term

time. This difficulty, which the writer has experienced several times, does

not occur with girls, perhaps because they have not got such a keen sense

of justice in regard to the proper employment of their holiday time.

In the case of a very young child a successful cure may often be

obtained by gently but firmly insisting on the repetition of the letter or

letters over which the child has stumbled, until they can be pronounced

quite smoothly. This can easily be carried out by the mother or governess.

In treating a person old enough to reason for himself it is difficult to lay

down any general rules, as each case must be dealt with individually, and
much depends on the aptitude of the pupil and on the ability of the

teacher. The teacher must, however, first succeed in gaining the complete

confidence of the patient, without which it is useless to attempt the cure.

For this reason, therefore, it often happens that one teacher may succeed

where another has failed, even though both are teaching on the same lines.

The fundamental fact which the stammerer must grasp before any
progress can be made, is that his voice sound must be made as far as

possible a continuous one.

The method of treatment which will now be shortly explained is based

on that fact. It has proved successful in numerous cases, but at the

same time, for the reasons above stated, the writer does not set it forth

as a universal panacea.

It has been stated by several writers on the subject that most cases

of stammering are due to a faulty method of respiration. Unfortunately

this is seldom the case. If it were, the remedy would be so simple that

no case would remain uncured. The fallacy of such a statement is also

shown by making the stammerer sing or intone, when, although the method
of respiration is the same during singing as it was during speaking, the

stammer disappears, since during singing the demand for vowel sound in

contradistinction to consonantal sound is paramount.
In the few cases in which the breathing alone is at fault, the patient

tries to speak without sufficient air in the chest to set the vocal cords into

vibration, or to keep them vibrating for more than a few seconds. This

may be due to the fact either that he has not taken in enough air, or that

he does not know how to control its exit, so that on the formation of the

first vowel it escapes with a rush. The attempt is then made to speak

while the chest is empty, and as no voice is forthcoming, the energy is then

misdirected from the laryngeal into the oral mechanism and stammering
ensues. The cure of such' a case can usually be effected by teaching the

stammerer how to breathe and how to control the exit of the breath.

But though in a few cases the respiration is primarily at fault,

nevertheless it will be found that few stammerers know how to breathe

properly or how to control the exit of the breath. It will be observed,

on testing with a spirometer, that their breathing capacity is small, and
further that they cannot hold their breath for more than a few seconds.

When the breathing capacity is small the chest is usually small also. It

is a very widespread but mistaken idea that a large chest measurement
means a correspondingly large breath capacity, but nothing could be further

from the truth. Most gymnasts have a large chest measurement, but
this is often chiefly due to development of muscles outside the chest, while

the bony framework itself may be small and comparatively useless as a

breathing machine. It is therefore of the utmost importance that the

stammerer should increase his breathing capacity, not merely to supply the

motive power, which throws the vocal cords into vibration, but also to
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enable the chest to act as a resonating cavity, and so lessen the strain put
upon the throat during voice production. Exercises, such as running,

skipping, and hopping, which make use of the lower limbs, tend to increase

the internal capacity of the chest more than ordinary gymnastics or

wearisome exercises with dumb-bells, because in the former the ribs are

free to move, whilst in the latter they are fixed so as to afford a point of

resistance for the muscles which move the upper limbs.

Physiologists have usually divided breathing into two types, " ordinary
"

and " extraordinary " or forced. For the purposes of proper voice pro-

duction, however, the breathing should be more than the " ordinary," which
suffices to supply the need for oxygen when the body is quiet, and less

than " extraordinary " or forced.

During ordinary breathing the diaphragm undoubtedly plays the chief

part, but in the deep breathing which the stammerer should cultivate,

the diaphragm has a less active role, and chiefly prevents the tendency of

the abdominal contents to be aspirated into the chest. This can be seen on
watching the upward movement of the diaphragm by means of the X-rays

during a full inspiration. In this type of breathing the ribs move back-

wards and outwards. They also turn on their axes and are raised (by

means of the serratus magnus), and carry the sternum forwards and
upwards. In so doing they carry the inner ends of the clavicles, which are

fixed to the top of the sternum, upwards and forwards. The chest is thus

enlarged in all its dimensions with the least possible exertion. The front

abdominal wall sinks in, but is not pulled in by muscular effort.

At the risk of repetition the writer particularly wishes to emphasize the

fact that this method of breathing must not be confounded with forced,

" extraordinary " or so-called " clavicular " breathing. In the latter the outer

as well as the inner ends of the clavicles are actively pulled up, whereas in

the former the inner ends only are moved, and they are passively pushed up
from below by the upward and forward movement of the sternum. 1

After the chest has been filled with air the breath should then be

allowed to escape slowly with a very slight hissing sound made with the

mouth open, and due to the escaping breath being controlled at the larynx

by means of the false vocal cords. Practice will soon enable the duration

of escape to be extended from ten seconds to sixty.

It may be thought that undue attention has been drawn to the question

of breathing, but the writer has found that apart from the great improve-

ment in general health which quickly follows, nothing gives the stammerer

so much confidence as his ability to take a full breath and hold it or control

its exit at will.

Let us now pass to consider the treatment of a case in which the

stammer is due to the false vocal cords being so closely approximated that

no breath can pass until the spasm has ceased. In such a case the initial

vowels are usually the stumbling-block. The patient must therefore be

taught to alter the ordinary conditions of voice production, and to produce

each initial vowel by consciously permitting a slight escape of breath in

the form of an aspirate, ha-he-ho instead of a-e-o. This preliminary escape

of breath ensures a continuous flow of voice by preventing the spasmodic

closure of the false vocal cords. This method, though ugly, must be con-

tinued until the stammerer has no fear of trying to pronounce an initial

vowel. When this stage has been reached the preliminary and accompanying

1 Fuller directions for the practice of this type of breathing, which is so essential for the

stammerer, will be found in a small pamphlet called Twelve Lessons on Breathing, by George
E. Thorp, puhlished by Reeves & Co., London.
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escape of breath can be gradually decreased, until it is finally possible to

attack each vowel quite cleanly and with no preceding aspirate.

When the fault lies in the obstructive closure of the oral mechanism, it

is first necessary to find out on which consonants the greatest difficulty is

experienced. If the case is slight, one may begin with these consonants,

but if it is severe it is better to leave the consonants which give the most
trouble until the others have been dealt with.

In some few cases it is sufficient to point out to the stammerer that

it is the lack of the voice-sound which causes the difficulty, and he is soon

able to overcome it.

In most cases, however, definite exercises must be given in order to

show the stammerer how it is possible to keep up a continuous or almost
continuous voice-sound without interruption during the formation of the

consonants.

For this purpose he should begin by intoning a vowel, say o, and con-

tinue it as long as the breath lasts. When this can be done for twenty
seconds, an attempt must be made to form one of the " voiced consonants

"

without interrupting the flow of voice—thus o-mo-mo. In so doing the

positions for the consonants are not to be firmly taken, and therefore their

sounds will at first be quite indistinct. As the writer knows from experience

how difficult it is in some cases to get the patient to hear that the

voice-sound is being interrupted by the consonant, he would suggest that

the exercise should be practised with the eyes shut and also with the ears

closed. By this procedure it is possible to concentrate the attention much
more easily on one's own voice, and so to hear the slightest interruption

in the continuity of the sound.

Other things being equal, it will be found that the nasal sounds inter-

rupt the tone least and are the best to begin with. After the exercise has
been so mastered that it is possible to make the different consonants
distinct without intermitting the continuous voice-sound, it must be repeated
with the voiceless or breath consonants. This will be found to be very
difficult, and in some cases requires long and arduous practice.

When the stammerer has succeeded in doing this, he should discontinue
the intoning and try to do the same exercises in a drawling voice. He may
then go on to words and sentences, and eventually to ordinary conversation.

At this stage some daily practice in reading aloud or repeating by rote

should also be insisted on, and should be carried on for several months.
Even after the stammer has disappeared, it is liable to return if the

patient gets run down or depressed, either from over-work or a severe illness.

But the relapse is never so severe as the original affection and is generally
easily treated.

The duration of such lessons should at first be only half an hour. Two
lessons of half an hour at different times in the day yield much better

results than one lesson of one hour. Where possible, the lessons should be
taken continuously for two or three weeks, and not spread over an interval

of several weeks.

LITERATURE.—A. Melville Bell. Principles of Elocution ; Essays and Postscripts on
Elocution; The Faults of Speech. Washington, U.S.A.

—

Wyllie. The Disorders of Speech.—Ellis. Pronunciation for Singers.—H. Campbell, M. D. Respiratory Exercises.—La-
grange. Physiology of Bodily Exercise. International Scientific Series.

Staphyloma. See Sclerotic.

Starvation. See Medicine, Forensic.
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Sterility is the incapacity on the part of a man to beget a child, or on

the part of a woman to conceive. The word is sometimes more vaguely

employed ; thus a woman who has borne no children after several years of

married life is said to be sterile. She, however, may be potentially fertile,

her husband being responsible for her not conceiving, either because he is

sterile, or because he is impotent. For the definition of these conditions,

and for the consideration of the general subject of sterility in the male, the

reader is referred to the article on "The Testicle" (see p. 57).

^Etiology.—It will be conducive to clearness if we remember that

conception depends upon four factors.

On the part of the female :

—

A. The production of healthy ova.

B. The possession of a healthy patent channel of communication between
the vulva and the ovary.

On the part of the male :

—

C. The production of healthy spermatozoa.

D. The effectual deposition of spermatozoa in the female genital

passages.

We are not here concerned with the last two factors, the failure of

which constitute male sterility and impotence respectively.

Sterility in women depends, then, on one of two principal conditions.

A. Defective ovulation, or the non-production of healthy ova.

B. Defective conditions of the genital passages.

We must consider each of these conditions in detail.

A. Defective Ovulation, or the Non-Production of Healthy Ova.

—By a " healthy " ovum we here understand one that is capable of fertilisa-

tion and subsequent development ; for there is reason to think that a form

of imperfect ovulation may occur in childhood.

Defective ovulation may be due, in the first place, to immaturity (before

puberty), or to senility (after the menopause). During the usual re-

productive period, extending commonly from the age of fifteen to that of

forty-five, defective ovulation may be due to absence or under-developnient

of the ovaries, to ovarian disease, or to certain constitutional conditions.

1. The absence of ovaries is very rare. When this condition is present

it is usually associated with some gross malformation in the body generally.

If there be no such malformation, the woman who has no ovaries retains

the physical and often the mental characteristics of the child.

2. Under-development of the ovaries is not so rare as the preceding

condition. All gradations are possible, from ovaries that retain their

infantile size and shape, and present the form of narrow, elongated glands,

to those that are merely under-sized, but otherwise present an appearance

closely similar to that of ordinary ovaries. A corresponding gradation is

observed in the physical development of these patients. On the one hand
we see a type in which the woman resembles a child in all but stature,

with fiat childish breasts, no pubic hair, small external genitals, and total

absence of menstruation. On the other hand, the woman may be to all

appearances well developed—the vulva being normal, the pubes covered

with hair, and the breasts rounded. Menstruation may then be present,

but it starts late, and is irregular and scanty ; and the menopause super-

venes earlier than usual. Under-developed ovaries are nearly always



STEEILITY 369

associated with incomplete uterine development ; thus the uterus may-

retain the preponderance in the length of the cervix that is found in early

life ; or it may show a marked diminution in size, the body and cervix

being nevertheless of normal relative length. The uterine canal varies

in length from one to two inches. The vagina is usually small, but it may
be sufficiently developed to admit of intercourse, so that the condition is

not suspected.

Prognosis is hopeless, since sterility is irrevocable.

Treatment is consequently nil.

3. Ovarian Disease.—Certain new growths of the ovary, multilocular

cysts, dermoids, and solid tumours, and certain inflammatory conditions, such

as ovarian abscess, so disorganise the ovarian tissue that healthy ovulation

cannot take place. If both ovaries be affected, sterility results.

Treatment, which resolves itself into ovariotomy, is undertaken on
general grounds, and not with any hope of curing the sterility, which is

irremediable.

4. Defective Ovulation clue to Constitutional Conditions.—It is some-

times found that a woman who appears to have all her organs healthy and
well developed nevertheless does not conceive (it is premised that in such

a case the fault does not lie with the husband). We must then assume
that she is the subject of defective ovulation, due to constitutional condi-

tions whose nature is obscure, though they are probably dependent on
faulty metabolism. Sometimes such patients are very thin, even emaciated;

more frequently they tend to obesity. Alcoholism and the morphia habit

are well known to have a prejudicial effect on the function' of ovulation.

It appears in some cases that the reproductive powers have become
exhausted ; for the patient may have borne a child within a year or two of

marriage, and may have remained childless thereafter. It is possible

that masturbation may exhaust the reproductive power comparatively

early. In this connection we may mention the view that sterility may be
due to some want of " affinity " between husband and wife ; in support of

this view cases are quoted in which after years of childless marriage a man
and wife are divorced, and each becomes a parent when married again.

Prognosis.—In many of these cases, all that can be said is that there is

no evident reason why the patient should not become pregnant ; and no
more definite prognosis than this should be given.

Treatment.—The duty of the medical attendant will chiefly consist in

prescribing a hygienic mode of life. If there be reason to suppose that

intercourse is indulged in too frequently, it is well to enjoin total abstinence

for a time ; this is best secured by advising that the patient should spend
some weeks, preferably with friends, in the country or by the seaside ; for

the hygienic conditions can then be obtained at the same time.

B. Defective Conditions of the Genital Passages.—The genital

passages may be responsible for sterility owing to obstruction in some
portion of them, or to an unhealthy condition of the lining membranes,
or to some other unfavourable condition. These faults must be considered
in detail.

1. Defects of Patency.—It is obvious that closure of any part of the

passage from the vulva to the ovary must cause sterility. Such closure

may be congenital, taking the form of atresia of the vaginal orifice, or

absence of some part of the vagina ; or it may be secondary, involving the
os externum or internum, or the uterine or abdominal ostium of the

Fallopian tube.

(a) Atresia Vaginalis.—Any part of the vagina may be the seat of an

vol. xi 24
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obstruction, but this is found much the most frequently at the vaginal

orifice, where the condition is sometimes described as " imperforate hymen,"

or atresia hymenalis. It has been shown that the hymen in such cases is

not usually imperforate, and that this structure can generally be recognised

adherent to the outer surface of the obstructing membrane. After puberty

vaginal atresia causes retention of menstrual products in the form of

hsematocolpos, and, later on, of hsematometra. When the obstruction is

near the uterine end of the vagina coitus is possible ; but sterility necessarily

results, because the spermatozoa cannot reach the uterus. "When the atresia

affects the lower part of the vagina no sexual intercourse can take place.

Treatment consists in incising the obstructing membrane or septum,

and excising a part or the whole of it when possible. This at any rate

allows of intercourse taking place ; but it is very doubtful whether

pregnancy ever follows in a patient who has once been the subject of

hsematocolpos and hseniatometra. We have not met with a record of

pregnancy under these conditions. Sterility is to be expected because, in

the first place, atresia vaginalis is not infrequently associated with under-

development in other parts of the genital organs ; and in the second place,

the uterine mucosa is so altered by the existence of hsematometra that it is

very doubtful whether it would permit of the development of the oosperm,

even if fertilisation itself occurred.

(b) Absence of a Part of the Vagina.— Considerable variations are met
with as to the extent of vaginal deficiency ; and all gradations may exist,

from the condition in which only a short portion of vagina is absent to

that in which practically the whole of it is replaced by a fibrous cord.

What has just been said as to the probability of sterility after restoration

of the patency of the vaginal canal applies with even greater force to cases

in which a part of the vagina is absent. For although an artificial vagina

may be made surgically, it is usually very unsatisfactory for the purpose of

intercourse, and almost always useless as far as impregnation is concerned.

(c) Atresia of the Os Internum and Externum.— Such atresia may
theoretically be of congenital origin ; but in practice it is nearly always met
with as a secondary closure following inflammatory conditions or the

application of strong caustics to the cervix. Hsematometra results, and

the retained products may become septic, so that the uterus is converted

into a bag of pus (pyometra). This is especially apt to occur in cases of

carcinoma of the cervix.

Treatment.—It is necessary in any case to overcome the obstruction and
restore the patency of the cervical canal, in order that menstruation may be

carried on ; or, in cases of pyometra, for the purpose of evacuating the pus.

The prognosis in relation to sterility is, however, almost hopeless, because

the pathological changes caused by the previous inflammation or disease are

prohibitive of conception taking place.

(d) Atresia of the Uterine or Abdominal Ostium of the Fallopian Tube.—
Purulent salpingitis, whether due to gonorrhoea, to tuberculosis, or to sepsis,

results almost invariably in complete closure of the abdominal orifice of the

tube by a sealing-up process. The uterine orifice is not so often closed in

this way, but the patency of the uterine end of the tube suffers from

infiltration of the tubal wall with inflammatory products, and from the

doubling up of the tube on itself. Most cases of this kind are due to

gonorrhoeal infection, and the result is permanent sterility. This is

necessarily the case as long as the abdominal orifice remains occluded ; and

in many instances the health and even the life of the patient demand the

removal of the pus-tubes and ovaries. Sterility is then confirmed. In a
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few cases, when the tube has not been too far disorganised, it has been

found possible to make an artificial ostium to the tube ; and pregnancy

has been known to follow this procedure. But it is obvious that prognosis

in relation to a future pregnancy is very bad.

Treatment.—We cannot enter here in detail into the treatment of tubal

disease, for the subject is a large one, and each case requires to be dealt

with on its merits according to the methods described in text-books. It is

sufficient to say that there are cases in which it would be right to attempt

to restore the function of the tubes by a conservative operation.

2. Defects due to Inflammation of the Lining Membrane.—All the con-

ditions described so far present two features in common : in the first place,

they are the cause of inevitable sterility if left untreated ; in the second

place, treatment is either entirely or relatively hopeless.

The defects to be considered in this section are not an insuperable bar to

pregnancy, since this may occur in spite of them ; and proper treatment

holds out a fair prospect of the cure of the sterility. We have here to deal

with vaginitis, endometritis, and salpingitis.

(a) A slight vaginitis is of little or no consequence ; but a severer

type will prevent conception, owing to the injurious effect of the pathological

secretions on the vitality of the spermatozoa. Moreover, vaginitis will usually

cause dyspareunia, with the result that intercourse does not take place.

(b) Endometritis causes sterility in two ways: in the first place, the

secretions act in the same way as in vaginitis, and the spermatozoa are thus

prevented from reaching the ovum ; in the second place, should the

spermatozoa succeed in running the gauntlet, and fertilisation take place,

the fertilised ovum or oosperm will be unable to become attached to the

unhealthy mucosa, and even if it succeed in doing this it will be prematurely

cast off as an abortion.

(c) The influence of salpingitis, when this is not sufficiently intense to

seal up the ostium tubse, is more difficult to predicate. Theoretically it would
act in three ways : the passage of the spermatozoa would be hindered (in

cases in which fertilisation would otherwise occur in the tube) ; the progress

of the ovum towards the uterus would be checked ; and, if fertilisation did

occur, the normal descent of the oosperm towards the uterus would be
impeded. Under these circumstances either the oosperm would perish,

or tubal pregnancy might result.

Prognosis is more favourable in this class of case than it is when the

sterility is due to other causes, because the inflammatory conditions can be
cured in the majority of cases.

Treatment.—With mild forms of inflammation of the vagina, uterus, and
tubes, the treatment consists of rest in bed, douches, the use of glycerine

tampons, and temporary abstinence from intercourse. When endometritis
is more severe, or has become chronic, curetting gives the best results.

3. Defects of Structure of the Uterus.—Congenital under-development of

the uterus, hyperplasia and new growths, and premature atrophy, are found
associated with sterility.

(a) Congenital Under-development.—All gradations are met with, from
an absolutely defective, rudimentary, or malformed uterus, to one that is

only a little under normal size. The extreme forms are usually associated

with defective development of the ovaries. Kleinwachter 1 has made an
interesting analysis of the conditions found in 648 cases of sterility met
with in his practice. Those that come under the present heading numbered
214, or 33 per cent. They may be tabulated as follows :

—

1 Ein JBetrag zur Lehre der Sterilitat.
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Defective, rudimentary, and malformed uterus 15 cases = 2 -3 per cent

Under-developed uterus . . . 116 „ =17'9 „

1. Hypoplastic uterus (71)

—

(«) Extreme forms, 14; (b) Medium
degrees, 22

;
(c) Transition forms

to normal, 35.

2. Infantile uterus (45)

—

(a) Foetal, 6; (b) Infantile, 13; (c)

Transition, 26.

Conical elongated vaginal portion . 47 „ = 7'3 „

Stenosis of os externum . . . 36 „ = 5*5 „

Total. . . .214 „ = 33

The more extreme degrees of under - development necessarily produce

sterility ; in the case of transition forms, conical cervix, and stenosis of the

os externum, the bar to conception is not an absolute one.

Prognosis is in no case very good ; but it will vary with the degree of

under-development. The nearer the approach to normal the better the

prognosis.

Treatment is useless in extreme cases. In those cases in which we
have said that the bar to conception is not absolute, success sometimes

follows dilatation of the cervical canal.

(b) Hyperplasia and New Growths of the Uterus.—Among new growths

we must specially mention fibromyomata. These conditions are often

found associated with sterility ; but it is doubtful what part they play as

causal factors; it is certain that pregnancy may occur in cases of fibro-

myomata. Kleinwachter found these tumours in 32 of his cases, or 5 per

cent. A hyperplastic uterus was present in 5 cases.

Treatment.— Hyperplasia requires to be dealt with by curetting,

followed by the use of douches and tampons. When myomata are present

sterility is desirable rather than otherwise, since the complication of these

tumours with pregnancy is fraught with grave risk to the patient.

(c) Premature atrophy of the uterus is found associated with primary

sterility as effect rather than as cause. But after one or two pregnancies

a relative sterility may be produced by atrophy of the uterus, which may
take place soon after a pregnancy, when it is described as superin-

volution.

There is no cure for sterility associated with atrophy.

4. Defects of Position of the Uterus.— In Kleinwachter's series 82

cases, or 12 -5 per cent, showed backward or lateral displacement of the

uterus. Here again we must make a distinction between associated and
causal conditions. For, in the first place, with the displacement may be

present other pathological conditions, such as endometritis and diseased

appendages, which have more to do with the sterility than the displace-

ment has ; and in the second place, it must be remembered that conception

sometimes occurs when the uterus is retroverted. There is, however, a

residue of cases in which the displacement is in itself an obstacle to

conception.

Treatment consists in replacing the uterus, and keeping it in position

with a properly fitting pessary ; if patient and repeated trials with pessaries

be ineffectual, ventrofixation of the uterus is indicated.

5. Functional Defects.—Under this heading we may consider conditions

which lead to sterility by preventing intercourse, although no anatomical
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cause for sterility is present. These include vaginismus, that is, a spasmodic,

painful contraction of the vaginal muscles when intercourse is attempted,

rigidity of the hymen, mere smallness of the vagina, nervousness, or any

other conditions which make coitus physically or mentally painful.

Treatment.—In many cases both dyspareunia and sterility may be cured

by dilatation of the vaginal orifice under an anaesthetic.

The above ^etiological factors in the production of sterility in woman
may be summed up in tabular form as follows :

—

A. Defective Ovulation, due to

—

(1) Absence of the ovaries
; (2) Under-development of the ovaries

;

(3) Ovarian disease
; (4) Constitutional causes

; (5) Immaturity
and senility.

B. Defective Conditions of the Genital Passages—
(1) Defects of patency : (a) Atresia vaginae

;
(b) Absence of the

vagina; (c) Atresia of the os uteri internum or externum;
(d) Atresia of the ostium tubas.

(2) Defects of the membrane lining the passages : (a) Vaginitis

;

(b) Endometritis
;

(c) Salpingitis.

(3) Defects of structure of the uterus : (a) Congenital under-

development
;

(b) Hyperplasia and tumours
;

(c) Atrophy.

(4) Defects of position of the uterus.

(5) Functional defects.

Diagnosis.—In the investigation of a case of sterility with a view to

determining what is its cause, and whether it can be cured, the history

should first be inquired into. The principal points to ascertain are—the

character of menstruation and the age of its onset ; the existence of

dyspareunia and the presence or absence of normal sexual feelings and
desire ; and the existence or not of gonorrhoea and syphilis at any period of

the married life. If menstruation has come on very late, and has continued

scanty and irregular, we shall be prepared to find some degree of under-

development ; dyspareunia and the absence of normal sexual feelings may
mean that coitus has never been properly consummated; a history of

syphilis will lead one to suspect endometritis ; whilst a previous gonorrhoea

will probably have left behind it endometritis or damaged tubes. It will

be observed that nearly all the causes of sterility enumerated in the pre-

ceding table fall under one of the three categories foreshadowed in the

history of the case, namely :—Under-development or primary sterility

;

pelvic inflammation or acquired sterility ; incomplete sexual intercourse or

apparent sterility.

We must next investigate the general health and note the general

development, and then proceed to the examination of the pelvic organs.

A childish appearance, combined with defective breasts and scanty pubic

hair, often points to under-development of the genital organs ; and this may
be further indicated by smallness and immaturity of the vulva, or by a

small or deficient vagina. If, in addition, the uterus is small, with a

cavity not exceeding two inches in length, we are justified in the conclusion

that sterility is primary and irremediable. In such a case the ovaries will

probably be also small.

If we find no evidence of under-development, the condition of the pelvic

organs must be investigated with a view to determining whether any in-

flammatory disease exists or has existed. Cervical erosion or a heavy
uterus with abundant leucorrhoea will point to endometritis ; thickened

tubes will indicate salpingitis of varying degrees. Under these circum-

stances we have to do with an acquired sterility, which is probably incurable
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if the tubes are damaged, but curable if the endometrium alone is at fault.

On the other hand, the only pathological condition present may be a

backward displacement, or a long conical cervix with stenosis of the os

externum ; these conditions may be the cause of the sterility, or they may
be only incidental and devoid of setiological importance ; we cannot tell

their precise role till the effect of treatment has been tried. Lastly, we
may find some cause for dyspareunia, such as vaginismus, painful caruncles

of the hymen or urethra, or prolapsed and tender ovaries.

If we find the pelvic organs to all appearance normal, we must conclude

that we have to do with one of three things : first, that it is a case of

defective ovulation ; secondly, that the blame for the sterility lies with the

husband ; thirdly, that intercourse has not been effectively accomplished.

Suitable inquiry may clear up the last point ; the second will be cleared up
by examination of the husband ; and if neither of these two account for

the sterility, we are reduced by exclusion to the first, and we may have to

tell the patient that there is no obvious reason for her sterility.

Treatment.—The treatment of individual conditions has already been
briefly referred to, and we may now shortly review the whole subject. In

the first place, marked under-development of the uterus or ovaries precludes

any treatment, and the patient must reconcile herself to her condition.

Extensive pelvic inflammation and tumours of the uterus or appendages
will require treatment on their own account, and the result as regards

sterility is a secondary matter. For endometritis a thorough curettage is

required, both for its own sake and because this will give the best prospect

of subsequent conception ; backward displacements of the uterus require

appropriate treatment on the same grounds. Conical cervix with stenosis

of the os externum should be treated by dilatation, inasmuch as this will

give the best chance of pregnancy. Any conditions causing dyspareunia

must receive proper attention. With normal pelvic organs, we can only

prescribe medicinal treatment if the general health is at fault, and enjoin a

period of abstinence.

We must here remark that when we find only some condition of

doubtful influence in the causation of sterility, the husband should be

examined before any treatment is carried out on the wife. " It is a too

common assumption that in cases of sterility the fault is on the side of the

woman. In 250 cases, in which notes are given by Brothers,1 information

concerning the condition of the husband was obtained in 72 instances,

with the result that 50 of them were shown to be responsible for the

sterility of their wives. The cases in which the condition of the man was
inquired into were those in which no cause of sterility was found in the

woman. In 12 cases nothing abnormal could be found in either husband
or wife. Thus of all the cases of sterility one in every five was attributable

to the husband. This is a point to be borne in mind when the practitioner

is consulted for this cause, for otherwise minor operations, such as dilatation

and curetting, may be performed unnecessarily. Brothers records that

14 women had been treated by sounds, dilators, pessaries, etc., when the

semen of the husband did not contain a single spermatozoon." 2

The natural aspiration of the healthy woman is to be a mother ; and
sterility is to many a cause of life-long unhappiness. Some of this un-

happiness may be removed by proper treatment. Thus in 70 cases Brothers

was able to trace the results of treatment, and of these 12 per cent became
pregnant. The percentage of results in other cases has been even higher.

1 The Post-Graduate, February 1901.
2 Giles, article "Sterility," Medical Annual for 1902.
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It is, therefore, reasonable to urge that every case of sterility should receive

careful investigation, followed by suitable treatment, and that those women
who crave for the high boon of motherhood should not be merely met with

an attitude of unmasterly inactivity.

Sterno-CIavicuIar Joint.
(a) Injuries (b) Diseases

See also Joints, Diseases of

This joint is subject to different forms of injury and disease, although to a

lesser degree than most other articulations. The most common surgical

affection is dislocation. In the order of frequency, the displacement is (a)

forwards, (b) backwards, and (c) upwards. The accident is usually brought

about by violence applied to the outer end of the clavicle, e.g. by a fall or

blow on the front of the shoulder, which displaces the sternal end forwards.

The backward dislocation is more commonly induced by direct violence,

which drives the sternal end of the clavicle backwards. The rarest dis-

location is the upward one, which may be induced by violence acting on

the outer end of the clavicle from above, whereby the shoulder is forced

downwards and inwards. A case has been recorded where spontaneous

displacement in a forward direction occurred in a weak subject from

muscular exertion. Dislocations occur in this joint as a sequel to a chronic

tuberculous or other diseased process in the joint.

The frequency with which the forward displacement occurs is explained

by the relative weakness of the anterior sterno-clavicular ligament. As the

posterior ligament is stronger, dislocation backwards is less frequent.

Further, the fibres of the rhomboid ligament on the posterior aspect of the

joint are not easily ruptured, and they are a powerful preventive against

either the posterior or upward dislocation.

Clinical Features.—The clinical features will vary according to the

completeness of the dislocations. In the forward dislocation the diagnosis

is readily determined by the marked projection anteriorly, recognisable

without difficulty as the articular end of the clavicle. If it be necessary,

the diagnosis can be confirmed by various movements, e.g., if the elbow be

raised, the projection is depressed, and if the shoulder be raised and thrown
forwards, the prominence tends to disappear. The clavicular tendon of

the sterno-mastoid is prominent, and the patient's head is inclined towards

the affected side. The possibility of the condition being mistaken for a

fracture near the sternal end of the bone should be borne in mind.

Treatment.—The reduction is easy, but its maintenance is attended

with much difficulty. The most satisfactory method is by the patient

resting on a couch for four to six weeks with the arm in a sling, and the

application of direct pressure on the part by a woollen pad. In many cases

it is found impracticable to carry out this treatment, and it is fortunate

that little harm results even if the joint be left permanently displaced.

The backward dislocation is characterised by a marked depression at the

root of the neck, and the head of the bone is recognised to lie in an

abnormal position, if the contour of the bone be traced from without

inwards. There may be pressure on the oesophagus or trachea, and disturb-

ance of the circulation from local obstruction of important vessels. In
treatment the shoulders should be bandaged well backwards, using a cushion

fixed between the shoulders posteriorly.

In the upward dislocation the head of the bone rests on the top of the

sternum. The sternal portion of the sterno-mastoid is prominent, while
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the clavicular portion is relaxed. In treatment the usual difficulty is

experienced in keeping the bone in position. Reduction should be effected

by drawing the shoulder well outwards, and at the same time make
pressure on the shaft of the clavicle from above.

Diseases of the Joint.—The ordinary forms of synovitis of the sterno-

clavicular articulation are very rare, but suppurative forms of inflammation

are met with in the course of septicaemia or pyaemia. The diagnosis of a

pycemic joint affection has to be made from the general condition. Locally

the presence of swelling and redness of the skin over it, with oedema, are

characteristic symptoms, and with these symptoms are associated inability

to raise the arm to the horizontal position. As a rule, however, the

symptoms produced by this local condition of the sterno-clwicular joint

are marked by the general constitutional symptoms of the septicaemia.

The treatment should be directed mainly to the general condition. The local

affection may demand treatment by early and free incision, with evacuation

of the effusion. Thorough drainage is essential to prevent backward ex-

tension of the purulent effusion into the structures at the root of the neck,

or its downward extension into the mediastinum. The structural changes

induced in the joint by a pyaemic invasion are characteristic. They include

acute ulceration and destruction of the cartilage and other soft structures

of the joint. As a general rule, the prognosis is highly unfavourable.

Chronic rheumatic arthritis frequently affects the sterno- clavicular

joint. It is characterised by a nodular enlargement of the joint structures,

and there may be creaking in the joint on movement. Movements at the

shoulder joint are accompanied by sharp pains at the sternal end of the

clavicle, the pains being sometimes of a shooting character, and radiating

upwards and backwards along the side of the neck. The etiology and
pathology of this affection have already been discussed in the article on
" Chronic Rheumatism " (vol. x.). In that article the opinion was ex-

pressed that this disease may really be an attenuated pyogenic infection of

the joint structures. The treatment should be conducted along the lines

laid down in the article on " Rheumatism."
Tuberculous disease is occasionally met with in the sterno-clavicular

joint, but this is one of the joints least frequently involved. The tuber-

culous process may start in the articular end of the bone, or in the synovial

membrane, and spreads and involves the other structures of the joint. The
clinical features are similar to those seen in tuberculous affections elsewhere,

and are mainly distinguished by their " quiet " nature.

Chronic suppuration in the vicinity of the joint is present in many of

the cases. Treatment should be conducted on the lines suitable for tuber-

culosis in general. It may be necessary to open the joint freely, and scrape

the articular ends of the bone.

A neurotrophic joint lesion is sometimes met with in the sterno-

clavicular articulation. This is especially seen in cases of syringomyelia

(q.v.). This lesion is characterised mainly by unnatural relaxation of the

soft structures of the articulation, which allows of unnatural movement at

the joint. As in other joint lesions in syringomyelia, it is the joints of the

upper extremity that are most prone to be affected. The diagnosis is to be

made from a general survey of the clinical features of the case, and especially

from the peculiar sensory disturbances that are characteristic of this disease.

Stinging* Insects.—Many insects when in a mature stage bite

the skin of man in order to obtain nutriment, and all, whilst doing so,

probably inject into the skin with the saliva a toxic substance—probably
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formic acid in the case of the bee sting—which inhibits coagulation or

promotes the flow of blood. The sting may be trivial or may result in

serious disease or even in death, according in part to the species of insect

and in part to the idiosyncrasy of the person who has been stung.

One of the most frequent insects which in this way attacks man is

Pulex irritans, the common flea. The lesion is a small circular red area

with a central spot of darker tint. When the lesions are petechial, the

case may be mistaken for purpura. In other persons there may be

urticaria or a more or less general erythema, and there is much cutaneous

irritability. The role of the pulex as a transmitter of plague infection has

of late engaged the attention of many investigators.

The lesion caused by the bed bug (Cimex lectularius) is a whitish wheal

with a central spot, and much itching. Some persons manifest hardly any
signs of reaction to the bite of this insect.

Gnats or Mosquitoes.—The disturbance produced by the ordinary
" midge bite " varies greatly in different persons, but there is usually much
pruritus, with small wheals and considerable hyperemia. Mosquitoes

of the genus Anopheles, when infected with malarial protozoa, transmit

these parasites through the skin wound (vide " Malaria," vol. vii.).

Similarly it has recently been demonstrated that filariasis is acquired by
the sting of mosquitoes (Low, B. M. J. 1900, i. 1456 ; James, Indian Med.

Gaz. 1900, 169 ; Manson ; Grassi and Noe, etc.). The stings of gadflies,

wasps, and tees vary in intensity in different persons. Bee farmers are

often notoriously insusceptible to the sting of bees. In most persons,

however, there is great local pain and burning, followed by oedema, which

is particularly troublesome when the sting is in the neighbourhood of the

eye, or on the tongue or pharynx. When the bites are numerous, or when
there is a marked susceptibility, there may be faintness, unconsciousness,

and death from cardiac failure.

Lastly, reference must be made to the stings of the harvest bug (Zeptus

autumnalis) and of spiders, though these arthropods are not really insects.

Stinging Plants.—Certain species of plants are furnished with

stinging hairs which project from the surface of their leaves, and which

provide the plant with a means of defence against the attacks of herbivorous

animals. The most familiar examples of plants bearing stinging hairs

are the common European nettles, Urtica urens, and Urtica dioica ; the

stings produced by the Urtica crenulata of India, and the Urtica stimulans

of Java are much more severe. In addition to the Urticacese, stinging plants

are also found amongst the Malpighiacese, Euphorbiacese, Loasacese, etc.

In the nettle each stinging hair is essentially a single elongated cell.

The basal part of the hair is expanded and flexible, the main part of the

hair tapers gradually towards the upper or free brittle end, but is here

again expanded to form an apical knob. Within the hair is a fluid

substance, in which formic acid and probably also an enzyme are present.

When the leaf is handled, the apical knob of each stinging hair which has

been touched is broken off, the" sharp point of the broken hair penetrates

the epidermis, and the fluid contents of the hair pass into the skin.

The effects resulting from the wounding of the skin by these hairs are

the characteristic lesions of urticaria, and though these usually take the

form of wheals, there may be merely hyperemia. The lesions are as a

rule transient in nature, localised to the part which has been in contact

with the leaf, and do not spread to distant parts of the skin. Simultane-

ously with the appearance of the cutaneous lesions there is locally an
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intense tingling, itching, or pricking sensation, as in other forms of

urticaria. The toxic substance, whether it be the formic acid or a special

enzyme, is thought to act directly upon the endothelial cell wall of the

capillaries in the true skin, causing dilatation and congestion of these

capillaries, subsequent to which there is usually excessive transudation of

fluid from the vessels, resulting in the formation of the characteristic wheals.
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Anatomy

The stomach is the somewhat pear-shaped expansion of the alimentary

canal continuous with the gullet immediately after that tube has passed

through the diaphragm. It occupies the upper part of the abdominal

cavity on the left side, lying in great part behind the ribs, the larger end

reaching as high as the fourth left intercostal space where it is in contact

with the diaphragm, which separates it from the heart, and the lower end

(pylorus) where it becomes continuous with the duodenum, lying to a

variable extent to the right of the middle line according to the degree of

distension of the organ. The general direction of the viscus is therefore

obliquely downwards and forwards from left to right, being about 10 to

12 inches in greatest length in the average adult male when moderately

distended. The orifices by which it communicates with the oesophagus

(cardiac) and with the duodenum (pyloric) are from 3 to 5 inches apart,

and situated on the upper or smaller curvature, so that the left portion of

the organ constituting the fundus extends farther to the left and higher

than the cardiac opening, which lies to the left side of the body of the

tenth or eleventh dorsal vertebra outside the aorta, the pyloric orifice being

lower and at the level of the right side of the body of the first lumbar

vertebra nearer to the anterior abdominal wall. Inasmuch as the oeso-

phageal opening is the most fixed point of the stomach, and the pylorus is

freely movable, the relative positions of these openings to each other, from

before back, is subject to much variation with the state of fulness of the

organ. Whilst therefore the cardiac orifice, into which the oesophagus

opens somewhat at an angle, remains fixed in position, the pylorus, which

is usually just behind the anterior edge of the liver, and lies close to the

right of the median plane, 1 to 2 inches below the ensiform cartilage, when the

stomach is empty, may be found 2 or 3 inches to the right when the organ

is distended, and may then be in contact with the abdominal wall immedi-

ately below the liver. With the varying distension of the stomach the
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anterior and posterior surfaces, which are in apposition in the empty state,

shift in position, the former coming to be directed more upwards instead of

forwards as the organ dilates, with corresponding alteration in the posterior

surface, the viscus rotating somewhat on a transverse axis.

The relations of the stomach to adjacent structures are as follows :

—

The upper portion of the anterior surface, along the lesser curvature and
cardia, is in contact with the under surface of the left lobe of the liver

;

the pyloric third of the lower portion of the same surface is in apposition

with the abdominal wall ; whilst the remainder of the surface, as well as

on the fundus and the left extremity of the posterior surface, is contiguous

to the diaphragm ; immediately adjacent to the phrenic area lies the

internal surface of the spleen, and adjoining this to the right, the left

kidney and suprarenal body come in contact with the posterior surface,

and still farther to the right, reaching from the spleen to the pylorus, is

the pancreas ; the splenic flexure of the colon abuts on the middle of the

hinder aspect of the greater curvature ; between that point and the pyloric

region is the mesocolic area, the transverse mesocolon separating the

stomach from the last part of the duodenum and coils of the jejunum.

The most important surface relations, in addition to those already men-
tioned, are—the oesophageal opening nearly corresponds with the junction

of the seventh left costal cartilage with the sternum from 4 to 5 inches

from the surface ; the lowest normal limit of the greater curvature should
not be below a line drawn lh inches above the level of the umbilicus, and
when the organ is empty the line is considerably higher.

The normal capacity of the adult male stomach may be as much as three

pints, and is usually less. The weight of the organ is about 4| oz.

The duodenum is the first portion of the intestine intervening between
the stomach and the jejunum. It is about 10 to 12 inches in length and
2 to 2| inches in diameter, being in this latter respect somewhat larger than
the rest of the small intestine. It forms a curve of a shape varying with
the position of the pylorus, with the concavity, in which lies the head of the
pancreas, directed to the left and somewhat upwards. It is conveniently
described in four parts—the first being almost horizontal from left to right

and before back, moving with the pylorus, and consequently being almost
directly antero-posterior when the stomach is distended and the pylorus
is moved to the right. Posteriorly are the common bile duct, the portal
vein, and the gastro-duodenal artery. The second portion, about 3 inches
long, extends vertically and slightly backwards from the level of the left

side of the body of the first lumbar vertebra close under the neck of the
gall-bladder to the left side of the body of the third or fourth lumbar, from
which it is separated by the vena cava, with the right kidney to its outer
side ; in front are the under surface of the liver, and below that the trans-

verse colon with which it is connected by the transverse mesocolon. The
third part, which forms an angular curve with the foregoing, and is 2 to

3 inches long, curves transversely and slightly upwards to the left side of

the aorta, with which and the vena cava it is in contact, the inferior

mesenteric vessels passing down in front between it and the tranverse colon,

and the head of the pancreas above. The last two inches of the duodenum,
constituting the fourth part, bends upwards on the left side of the aorta to

end by a sharp curve forwards in the jejunum. Behind it is the psoas
muscle and sometimes the inner edge of the left kidney ; in front is the
stomach, from which it is separated by the transverse mesocolon. This ter-

minal part of the duodenum, however much the rest of this section of the canal
may be displaced, maintains a uniformly fixed position owing to the presence
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of a musculo-fibrous band which attaches it to the left cms of the diaphragm,

and this fixity is further aided by the post-peritoneal connective tissue.

The relation of these viscera to the peritoneum is of importance clin-

ically. The stomach, except immediately behind the cardiac orifice, where

it is in direct contact with the diaphragm, is completely enveloped by this

membrane, which passes off the smaller curvature to the under surface of

the liver, forming the gastro-hepatic omentum, and from the greater

curvature to form the anterior part of the great omentum, the posterior

surface of the stomach thus constituting a part of the wall of the lesser

peritoneal sac. The reflection of peritoneum from the cardia to the dia-

phragm is known as the gastro-phrenic ligament, and that which passes

from the fundus to the spleen, in which run the splenic vessels, is termed

the gastro-splenic omentum. In contrast to this arrangement the duo-

denum is only very partially covered, the posterior surface being more or less

closely connected with the post-peritoneal tissue in the neighbourhood of the

kidneys and large vessels, and with the head of the pancreas. The left side

of the fourth part is covered by peritoneum, which there forms several small

fossae (duodeno-jejunal). The transverse mesocolon has been mentioned as

being attached to the anterior surface of the second, third, and fourth parts.

Although the stomach ordinarily appears, when viewed externally, as a

single pyriform bag, marked off at the pylorus by a circular constriction

from the duodenum, it will be found that functionally regarded it consists

of two parts, a cardiac and a pyloric, the latter being much the smaller and

of about a fourth the capacity of the other. Occasionally indications of a

separation by the appearance of a slight groove on one or both curvatures,

several inches from the pylorus, and sometimes a thickening (of the

muscular coat) may be felt along a line joining these grooves—pre-pyloric

sphincter—and a deep constriction is now and then seen, due to the con-

traction of the muscular fibres in this situation, showing how the organ is

imperfectly divided into two unequal portions, a condition which probably

obtains to a greater or less degree during the process of gastric digestion.

As seen from the inside the surface of the living stomach is found to be

of a deep rose-red colour, an appearance which is quite lost after death,

being replaced by an ashy -grey coloration not unfrequently marked by

petechial spots. Unless much distended, the mucous membrane is thrown

into numerous folds or rugae, caused by a wrinkling of the loosely attached

membrane as the muscular layers contract. These rugae, which are mainly

disposed in a longitudinal direction, are best marked along the greater

curvature and less distinct towards the pylorus. The pyloric valve or

sphincter is formed by a circular fold of mucous membrane covering a

special thickening of the circular muscular layer, which projects into the

lumen of the canal, leaving an aperture that admits the finger, and is

capable of being more or less completely closed. The inner surface of the

first couple of inches or so of the duodenum is smooth, but at that dis-

tance the valvulse conniventes commence, becoming large and of regular

concentric shape beyond the papilla which marks the common entrance

of the hepatic and pancreatic ducts.

Minute Structure.—The most important features in the structure of the

gastro-duodenal section of the alimentary canal as bearing on disease of

these organs refer to the mucosa and the disposition of the muscular tissue.

The mucous membrane of the stomach varies in thickness with the distension

of the organ, is normally thinnest over the fundus, and is covered by a layer_ of

columnar epithelium, which sharply commences at the cardiac orifice, up to which

in the oesophagus the epithelium is stratified. The cells have no striated border
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like those of the intestines, and where the surface is not secretory the cells are

more granular in their deeper parts, and clearer towards their outer parts, this

being due to mucigen, which is discharged during digestion. Lying among the
tapering attached ends of the cells are small round or oval cells. The epithelium
is set upon a basement membrane, which is composed of a layer of flattened cells

;

and the mucosa on the deeper side of the membrane is constructed of glands, blood-

vessels, lymphatics, and nerves packed in a delicate stroma of connective and adenoid
tissues, among which are plain muscular fibre cells. The glands are of the tubular
variety, and are mostly but not entirely subdivided towards their closed ends,

being disposed vertically to the free surface upon which they open. Two kinds
of glands are to be recognised : {a) the pyloric glands, most numerous towards the
pyloric end, open on the surface by wider mouths, the columnar epithelium being
continued some distance down the tubule, forming the duct portion, the deeper
portions being lined by shorter, more cubical, and finely granular nucleated cells •

(b) the cardiac glands, more abundant at the cardiac extremity, are characterised

by a shorter distance (duct) being lined by the columnar cells of the surface,

beyond which the cells are like the distal cells of the pyloric glands, though more
coarsely granular, and are known as the " principal " or " central " cells. Lying
here and there among these, close to the basement membrane, are the parietal or
"oxyntic" cells, which are much darker and more granular in the prepared
specimen. The lumen of these glands is exceedingly fine, and still finer pro-
longations of it extend between the lining cells, distinct canalicular networks
surrounding the parietal cells.

In the duodenum the columnar epithelium at once assumes a striated free

border ; the cells are somewhat shorter, but like those of the stomach secrete

mucus, and present after discharge of the same the characteristic " goblet-shape "

appearance. The glands met with are (a) the crypts of Lieberkiihn, which run
throughout the intestine, and are simple tubular depressions of the surface, lined

throughout by columnar cells
; (6) Brunner's glands, which are peculiar to the

duodenum, in the first part of which they are most numerous ; they are of the
acino-tubular variety, and are more deeply placed in the submucosa, resembling in

structure the pyloric glands of the stomach. Isolated masses of lymphoid tissue

—solitary glands—also occur in the duodenal mucosa.
Besides the extension of the mucous surface of the duodenum effected by the

valvulee conniventes, the membrane is beset with villi, which are minute processes
closely arranged, giving a characteristic velvety appearance, and consist of the
various structural elements of the mucosa.

The submucous coat between the mucosa and the muscular layers, being separ-
ated from the former by the muscularis mucosa?, is composed of loose areolar tissue,

in which the vessels and nerves ramify on their way to the mucous membrane.
The muscular coat of the stomach consists of several layers of plain fibre cells

arranged somewhat differently at different parts of the organ. Most externally
the fibres are disposed longitudinally, and continuous with those of the gullet pass
chiefly along the curvatures of the stomach, being much less distinct over the
surfaces, to the pylorus, where they blend with the corresponding fibres of the
duodenum. The middle layer of fibres are circular in direction, forming a complete
investment of the organ from fundus to pylorus, where a specially thickened
bundle forms the pyloric sphincter. The most internal fibres are distributed
obliquely over the surfaces of the stomach, and whilst well marked over the fundus
scarcely reach the pyloric end.

In the duodenum, as in the rest of the small intestines, the muscular tissue

forms an outer longitudinal and an inner circular layer, the latter being much the
thicker. No extension of this coat into the valvulse conniventes takes place.

The serous covering, which is complete, or almost so, on the stomach, and only
partial over the duodenum, allowing by its elasticity the varying distension of the
organs, is an exceedingly thin homogeneous basement membrane upon which is a
layer of flattened endothelium, and connected by areolar tissue with the subjacent
coat. Where the peritoneum is wanting the areolar tissue becomes continuous with
the post-peritoneal connective tissue.

Vascular Supply.—The arteries of the stomach are dei'ived from the three
branches of the cceliac axis, viz. the coronary artery, which is distributed over
both surfaces, chiefly towards the cardiac end : the right gastro-epiploic and the
pyloric branches of the hepatic artery supply the pyloric end of the stomach and
the right part of the greater curvature, as well as the duodenum and the left

gastro-epiploic, which arises from the splenic branch of the coeliac axis ; from
this vessel the fundus obtains its supply. These several vessels freely communicate
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with one another, and also with the oesophageal branches of the aorta around the

cardia. By these channels a large amount of blood is distributed to the viscera

by branches which pierce the muscular coat, and after further dividing in the

submucosa, form a close network in the mucous membrane between the glands, and
in the duodenum extend into the villi. The blood is returned by veins which

correspond to the arteries, and finally contribute to form the portal vein._ There is

also an extensive communication at the cardia with the oesophageal veins, which
reach the superior vena cava via the right azygos vein.

The lymphatic vessels commence in lymph spaces in the mucosa among the

glands and blood-vessels. Thence they pass through the muscularis mucosse, and
form plexuses in the submucosa, whence large branches pass through to the

surface of the organs, and finally reach the thoracic duct, passing in their course

through various retroperitoneal lymphatic glands.

The nerves of the stomach originate from both pneumo-gastrics, the terminal

branches of the left being distributed over the anterior surface, and those of the

right over the posterior surface, chiefly towards the pyloric end.

Branches of the sympathetic system from the solar plexus also reach the

stomach. From all these nerves branches pass through the walls of the stomach
and duodenum to communicate with gangliated plexuses lying between the

muscular layers (Auerbach) and in the submucosa (Meissner). Filaments from
these supply the muscular tissue to the mucosa.

Thus the efferent and afferent channels to and from the viscera (stomach and
duodenum) and the nerve centres lie in the vagi, and in the white rami com-
municantes of the sympathetic from the tenth to the sixth dorsal spinal segments.

And since, as Dr. Head has shown, the referred pains and areas of tenderness in

diseases of these organs are arranged on the body surface in accordance with the

distribution of the skin fields of the spinal ganglia, rather than with that of the

peripheral nerve-trunks, some of these areas of reference are cranial and cervical

as well as situated on the body.

Digestion in the Stomach and Duodenum

Digestion is that physico-chemical process whereby the food is converted

into a fluid and diffusible condition suitable for absorption directly or

indirectly (vid the lacteals) into the blood-current. It is in some measure

anticipated by, and is a continuance of, the changes which are effected by

cooking. Some of the food taken is absorbable at once, whilst other con-

stituents are incapable of solution in the alimentary canal, and are conse-

quently indigestible. The digestibility of food therefore depends on the

facility and completeness with which it is reduced to a diffusible state ; its

nutritive value, which is a different matter, being in proportion to its

suitability for tissue-construction and metabolism.

For the carrying out of the function there are required various solvent

juices to deal with the several kinds of alimentary principles, some arrange-

ment by which these fluids and the food are mixed and propelled, and an

adequate removal of the digested food-stuffs (digesta), an accumulation of

which interferes with the proper progress of the digestive changes. These

requirements are met (i.) by the alimentary canal, which is a tube of great

length, presenting various alterations in size and situation in its course,

which allow such opportunities for delay in the progress of the contents as

are necessary for the efficient action of the solvents
;

(ii.) by the secretions

of the salivary, gastric, pancreatic, and intestinal glands, which are abund-

antly poured into the canal
;

(iii.) an extended absorbent surface, which is

furnished by the mucous membrane with its vast area of valvulse conni-

ventes, villi, etc., where the blood capillaries and lacteal radicals are brought

into close relation with the digested material
;

(iv.) a sufficient blood and

lymph supply ; and (v.) a controlling and co-ordinating nervous mechanism,

which is derived from the cerebro-spinal and sympathetic systems, as well as

an intrinsic arrangement of ganglia and fibres.

With one section alone, viz. the stomach and duodenum, is this article
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concerned, but, preceded as gastric digestion is by those changes which

should be effected in the mouth, its relation to them has to be borne in

mind. It has also to be remembered that the stomach is not an indispens-

able organ. Several cases of its total extirpation have now been recorded,

the patients completely recovering, and some at least being able to return

to an ordinary diet, with the maintenance of complete nitrogenous equili-

brium and gain of weight. On the whole, gastric digestion is in the main
preparatory to the more extensive and elaborate changes which take place

in the intestines, where also the greater amount of absorption of the digesta

occurs. The subject of normal digestion has been so fully treated (see

articles " Diet," " Digestion and Metabolism," vol. ii.) that it is sufficient

here briefly to indicate the main features of the process, so far as the

stomach and duodenum are concerned, as a basis for the consideration of

disturbances of the function (indigestion or dyspepsia) and of diseases of

the organs involved.

Clearly the first consideration in respect to digestion is the food, its

nature and character, more particularly the quantity and its apportionment

into properly regulated meals at suitable intervals ; the state of mechanical

subdivision as effected by cooking, mastication, etc., in which it is presented

to the gastric mucosa ; its freedom or otherwise from physically injurious

or poisonous constituents ; and lastly, its nutritive composition, containing,

that is, the needful proportion of the several alimentary principles.

From the aspect of gastric secretion there is required for a normal

digestion a sufficient quantity of the fluid, with no deficiency and no great

excess of hydrochloric acid (
-

1 to -25 per cent), poured into the stomach

when food is there and not in the intervals when the organ is empty,

which partly combines with the proteids present and in part (not more
than 1 per 1000) remains free. By this agent, combined with pepsin, the

proteids are chiefly digested and passed on into the intestines as albumoses

and peptones. The chief proteid of milk caseinogen is coagulated and con-

verted into casein by a special enzyme (rennin), and is afterwards peptonised

by the pepsin and hydrochloric acid.

The digestion of the starch elements of the food which has been com-
menced by the ptyalin of the saliva is arrested by the free hydrochloric

acid, and hence an excess of meat food in a meal gives a better chance to

the continued digestion of the farinaceous food in the stomach by using up
the acid, whilst an excess of starches or sugars diminishes the opportunity

of their conversion. Further, the normal lactic, acetic, and other bacterial

fermentations which take place in the stomach in the carbohydrate food-

stuffs partially increase after the middle period of gastric digestion, but
are normally held in check by the free hydrochloric acid present, whilst

a deficiency of this material or a great excess of carbohydrates leads to the

formation of undue quantities of the organic acids.

The neutral fats of the food ordinarily undergo but little change beyond
being melted in the stomach, only a slight decomposition and liberation of

fatty acids, possibly due to bacterial agency. Hence portions of meat or other

substances, that might be satisfactorily dealt with in the mouth or stomach,

may pass on undigested if coated with a layer of fat such as melted butter.

The various salts, phosphates, carbonates, malates, and other inorganic

compounds occurring in the food undergo some decomposition due to gastric

juice, the hydrochloric acid of which is derived from the sodium chlorides.

Excessive quantities of some of these substances are apt prejudicially to

affect the activity of the gastric secretion.

The mutual interference of the several alimentary constituents in the
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course of their digestion in the stomach is a circumstance of considerable im-
portance, and to be taken into account in the treatment of dyspepsia and the

framing of a suitable dietary. And still more is this so in respect to certain

food accessories, such as alcohol, tea, coffee, and condiments. The first-named,

unless very concentrated, appears to be less harmful to digestion than is

ordinarily supposed, and being one of the few materials which are absorbed

from the stomach, its stimulant effect on the circulation may be actually bene-

ficial, especially in a condition of exhaustion. Experimentally, it has been
shown that tea and coffee do interfere with the peptic digestion of proteids.

The normal stimulus to the gastric secretion is less the contact of the

food with the mucosa than the chemical qualities of the ingesta and the

psychical states of appetite, sight and smell of food, with the pleasurable

anticipation of a meal in agreeable surroundings. Hence some secretion

takes place even before the food is swallowed. Moreover, it is said that

different kinds of food excite the secretion of a juice, best fitted for its own
digestion, richer or purer in ferment or acid, and in greater or less quantity

as may be required. Some alimentary principles, as fats, appear even to

prevent the secretion. Important, if true, as enabling digestive habits to

be readily established.

The germicidal action of the gastric juice is also a fact that has im-

portant bearings, by restricting the fermentations which normally take

place in the stomach, and also by destroying many pathogenetic organisms

which enter with the food.

Regarded as a whole, the digestive changes which take place in the

stomach may be looked upon as a preliminary—desirable, but not essential

—to those which are carried on lower down in the intestine. During the

very short time occupied by the passage of the chyme through the first half of

the duodenum nothing special is to be noted ; but below the entrance of the

biliary and pancreatic ducts the alkaline fluids then poured into the canal

neutralise the acidity of the chyme and cause a precipitation of albumoses.

The way is also cleared for a further digestion of the proteids, and of the

starches and of the fats, by the pancreatic juice.

The efficiency of the gastric juice will be likely to be impaired if too

much fluid be taken with meals, thereby unfavourably diluting the secre-

tion. At the same time harm may result from a too sparing fluid diet by
hindering the adequate mixing of the stomach contents. This mixing is

effected by the normal churning movements of the cardiac two-thirds of the

organ, and since it is in this region that the hydrochloric acid is almost

entirely formed by the parietal cells, it is there that the digestion takes

place. When the material is reduced to a sufficiently fluid condition, it is

passed on through the pre-pyloric sphincter into the pyloric region by more
or less rhythmically propulsive efforts, by which it is propelled through the

relaxed pyloric orifice. It would also seem that the antrum pylori can

reject and force back towards the fundus such solid masses as may have
escaped solution. These movements of the stomach are mainly stimulated

by the character of the food, warm and hot ingesta specially exciting them

;

and though over-acidity calls forth the peristalsis, it appears to induce a

spasmodic and even painful spasm of the pylorus with consequent hindrance

to the escape of the chyme. Normally, the passage through the pylorus of the

fluid foods, unless requiring gastric digestion, begins to take place as soon

as swallowed. The movements of the duodenum are of the ordinary

vermicular form of peristalsis such as the rest of the intestine presents.

For the efficient performance of these motor and secretory processes it is

obvious that a satisfactory state of general nutrition, an unimpeded and
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adequate blood-supply, and even more especially a healthy and undisturbed

nervous control, are essential. Exertion, whether mental or bodily, directly

after a meal, is apt to be harmful, probably by interfering with the

requisite blood-supply. The same may be said for sleep under like circum-

stances. It is also desirable that the digesta should be got rid of without

delay, and this is done, as described, by the propulsion of them into the duo-

denum, for as a rule very little absorption takes place by the gastric mucous
membrane, although some salts, sugars, peptones, and alcohol do enter the

blood from the stomach, especially the last named. In this restricted

absorptive capacity of the organ may be seen a protection to the body
generally, supplementary to the further protective power exercised by the

germicidal action of its secretion. The absorptive power of the stomach is,

however, of some value, as indicated by the experiments of Heidenhain,

which go to show that the efficiency of the gastric secretion is partly

dependent on materials absorbed at the commencement of digestion. In
the duodenum, or at all events in its lower part where the villi and valvulse

conniventes are well developed, a greater range of absorption most probably

takes place.

There is a function of the stomach of which but little is positively

known, and still less what share it may take, if any, in normal digestion,

and that is its excretory power. Various substances, for the most part

toxic, such as antimony, morphia, toxalbumins, and toxalbumoses, have been
known to pass from the blood-vessels of the stomach into the organ, and
then to produce their poisonous effects by local irritation or by re-absorp-

tion.

Lastly may be mentioned the fact that in the healthy state the

activities of the stomach and duodenum are carried on without conscious

sensation to the individual. The healthy appetite appears in great measure
to be connected with the condition of the stomach and is allayed by the

taking of sufficient food. But it is not a mere question of the stomach
being empty or full, since there may be anorexia when the viscus is quite

empty but the mucosa is unhealthy, or the desire for food may quickly

follow a full meal. Even more than with many other of the bodily func-

tions, the influence of habit is potent in modifying the processes of digestion

within limits that are not detrimental to the individual's well-being.

Diseases of the Stomach and of the Duodenum

In entering upon a consideration of the diseases of these organs it is

necessary to remember that there are two groups of morbid conditions met
with, which are more or less independent, at least in origin, though con-

stantly associated and to be investigated from different standpoints and by
different methods. On the one hand are structural diseases of the organs,

such as ulcer, inflammation, new growths, etc., whether primary in occur-

rence or determined by malnutrition of the body generally or by special

disease of other parts, and characterised by certain signs and symptoms,
local and remote, from which the nature of the lesion may be inferred. In
connection with such diseases the digestive process, as carried out in the

stomach or duodenum, will be likely to suffer more or less as the motor and
secretory functions of the organs are interfered with by the morbid changes
therein. On the other hand are perversions of digestion arising for the

most part independently of previous structural change in the organs, and
attributable in the first place to the qualities of the ingesta or the mode in

which they are presented to the stomach from the mouth, to imperfections

VOL. xi 25
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in the composition or quality of the gastric or duodenal secretions, to

inefficient or excessive motility of the stomach, to nervous disturbances, or

to other interferences with digestion that may be, primarily at least, due to

causes apart from the organs immediately concerned. At the same time

it must be admitted that the maintenance or constant repetition of such

conditions may be the determining factors in the production of structural

disease of the stomach or bowls. In approaching the subject of stomach

disease, therefore, the difference between gastro-duodenal indigestion or

dyspepsia, and definite structural lesions of the organs, must to some extent

be kept in mind, in the proper analysis of the symptoms presented and in

the pursuance of treatment.

A further general observation appears desirable. Whilst it is the

diseases of the stomach and duodenum and perversions of their functions

that will be here described, the clinical necessity for their consideration in

relation to other organs and other functions cannot be too strongly insisted

upon, and especially for the formation of a prognosis and of a rational thera-

peutic plan. A too restricted view of gastro-duodenal disease, as indeed of

any other organ, will be likely to furnish a very imperfect conception of the

case as a whole, though this is difficult to avoid in the conditions imposed

by a descriptive article of limited extent.

General Etiology

Affections of the stomach are amongst the commonest of maladies. So

closely associated are its functions with others, that few diseases, whether
acute or chronic, are not sooner or later complicated by gastric disturbance.

Certain circumstances, however, would seem to confer a special liability, and
so far may be regarded as predisposing causes, as others are more surely

responsible for the actual determination of gastro-duodenal disease (exciting

causes).

Heredity.—How far any disease of the organs under consideration can

be said to be the result of hereditary influence is exceedingly doubtful.

Not infrequently, however, definite structural disease may develop in several

members of a family in the same or succeeding generations as to suggest

an explanation of this kind. Dr. Dreschfeld (Allbutt's System of Medicine,

vol. iii. p. 520) has recorded eight examples of gastric ulcer thus occurring.

Still more numerous are the cases of cancer of the stomach, with a family

history of malignant disease—14 per cent in 1744 cases as determined by
Welch—and commonest of all is the existence of a "weak digestion"

in parent and child. Dyspepsia of neurotic causation seems specially

liable to be transmitted. Notwithstanding the figures that can be adduced
in support of this view, it is doubtful whether, when not merely coincidence,

they are anything more than an expression of the hereditary transmission

of a tendency due to a deteriorated resisting power on the part of the

tissues concerned, and requiring for the development of the malady a

special excitant, such as members of the same family are likely to be

exposed to, whether this be habit of life, diet, or the like.

Age, as influencing the incidence of gastro-duodenal disease, is un-

doubtedly potent. Acute catarrhal affections are of great frequency at all

ages, and children and infants are especially prone to suffer, the conditions

being determined by comparatively slight causes, but it is to be noted that

in such cases the intestine shares in the catarrh more frequently than in

later life. The graver condition of phlegmonous gastritis is seldom met with

except in adults, and the same also with cirrhosis ventriculi. Ulcer of the
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stomach is much mare common between the ages of fifteen and thirty than

at other periods, whilst a similar lesion of the duodenum tends to occur

later, viz. from thirty-five to forty, if cases following on burns be excluded.

Very rarely such ulcers have been seen in both situations in infants, and

especially those born in difficult labours, suggesting the probability in these

cases of local haemorrhages into the mucosa and subsequent necrosis

resulting therefrom.

The greater number of cases of carcinoma ventriculi are met with

between the ages of fifty and sixty, and very few are seen before thirty,

although Dr. N. Moore records a case in a girl aged thirteen, and Drs. Osier

and M'Crae have collected the accounts of thirteen cases between the ages

of ten and twenty. A well -authenticated case of a cylindrical -celled

carcinoma in an infant under a month old, probably congenital, was
described by Cullingworth {Brit. Med. Jour. 1877, ii. p. 253). Sarcoma of

the stomach, which is much rarer, has been known in several cases to have

occurred under twenty.

Some curious but unexplained differences exist in the sex incidence of

gastric and duodenal disease, the most remarkable being in connection with

the so-called peptic ulcer, which occurs with more than three times the

frequency in young females than it does in males when situated in the

stomach, but thrice as often in middle-aged males as in women when
located in the duodenum, except as the sequence of burns, when the

greater number is in females. In the much rarer affection, phlegmonous

gastritis, the preponderance in males is very marked. The frequency of

malignant disease in the stomach is somewhat greater in males, and much
more so when the duodenum is the seat of the growth. It is difficult

to explain these facts in any essential proclivity in either sex, and in other

maladies of the stomach—catarrh, dilatation, chronic congestion, cirrhosis,

etc.—no such differences are to be found.

The predisposing effect of the nervous temperament is seen rather in

the very important part it takes in determining indigestion, than in the

actual causation of structural disease of the organs concerned, though even

here its influence cannot be regarded as altogether wanting. The most
obstinate disturbances of gastric motility or secretion are in many cases

solely to be attributed to a neurotic temperament, and persist in spite of

the most careful regulation of the other factors concerned in digestion.

Here may be mentioned the peculiar idiosyncrasies exhibited by certain

individuals in respect to certain articles of food, which to the majority are

harmless or even beneficial, but to them are positively poisonous. Among
such are fish, shell-fish, vinegar, etc. The undue susceptibility of some
persons to gastric disturbance from emotional or reflex causes may be

referred to.

Race, occupation, season, and climate exert such influence as they do

in the causation of structural disease or functional disturbance of the

stomach and duodenum, less by any direct effect, than indirectly by affecting

the general health, the character of the food, and other such circumstances.

Among the immediate or exciting causes of diseases of the stomach and

duodenum, by far the most important are errors connected with the

ingesta, and of these especially the food. Now the food may be regarded

as acting as a determinant of gastric disease in two ways, separately or

combined : either by its direct action on the mucous membrane in virtue of

its physical, thermal, chemical, or toxic characters, or when, from its quality

or quantity, or from imperfections in the digestive capacity (secretory or

motor or both) on the part of the individual, the food is improperly
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digested, and thereby becomes an irritant to the mucosa, setting up a

varying degree of catarrh. Within the former category may be enumer-
ated a diet containing an undue proportion of mechanically irritating

particles such as seeds, fibres, etc. ; food that is too hot or too cold, or that

is too acid, as vinegar, pickles, or with an excess of pungent condiments as

pepper ; the habitual taking of a large quantity of salt has been known to

be provocative of gastric disturbance, whilst a salt-free dietary is also

harmful. Or the food may be actually poisonous from changes that have
taken place in it, producing ptomaines and toxic albumoses. The mal-

digestion of food and consequent gastric affection may be due primarily

to the food itself, or to some digestive imperfection originating apart from
the stomach itself, such as a nervous disturbance of its secretory or motor
functions. A bulk of food beyond that which the organ can satisfactorily

deal with, masses of food inadequately masticated or divided, portions of

meat or other nitrogenous substances enveloped in a coating of greasy

sauce, an undue amount of sugar, fats, or alcohol, leading to lactic, butyric

and other fermentative changes which give rise to irritating substances, will

all tend so to affect the lining membrane of the stomach as to establish a

gastritis, temporary though it be, and are much aided by any circum-

stances which delay the passage onwards of the stomach contents. Obviously,

general states of ill health, such as anaemia, chronic renal disease, nervous

exhaustion, mental, emotional, and bodily fatigue, will, by interfering with

the proper secretion and motility of the stomach bring about indigestion,

and thus favour the development of a gastric catarrh if not of other

morbid states. Too much fluid at or directly after meals may interfere

with digestion by its diluent effect on the gastric juice. Too little fluid

may be also detrimental. The taking of food, however good in itself, at

too frequent intervals, interfering with the digestion and removal of what
is in the stomach, is another cause of dyspepsia, although habit in this as

in other cases often diminishes its ill effects.

Most varied are the toxic substances that may gain entrance with the

food, although they are in no sense a part of it, but merely accidental

accompaniments. Among the most important are micro-organisms, many
harmless, some pathogenetic. The antiseptic power of the hydrochloric acid

of the gastric juice renders by far the larger proportion of them inert,

but in the absence of this agent from the stomach, whether from a

deficient secretion or in the intervals when the stomach is empty, such

organisms find an opportunity for their development and the production of

their injurious effects. In this way persistent suppurative conditions in

the mouth and pharynx, carious teeth, and the food and other accumula-

tions which collect under ill-fitting dental plates, etc., may, by the constantly

swallowed pyogenic microbes become a serious and often unsuspected cause

of gastric disturbance, by the setting up of a septic catarrh.

Another group of toxic substances are the metallic poisons with which

the food may be contaminated, such as lead, arsenic, and copper. The
cumulative effect of minute quantities of such substances constantly taken

leads sooner or later to gastric or gastro-intestinal inflammation. Alcohol,

especially apart from food and in the form of spirits, is a potent factor in

diseases of the stomach, both acute and chronic, and appears responsible for

favouring the incidence of some morbid states by the effect that it has in

impairing the digestion as well as by its destructive action on the walls of

the viscus.

The injurious results of wounds, blows, or severe compression, of articles

swallowed, such as pins, bones, etc., or of corrosive fluids, are as obvious as
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they are seldom met with, the last named alone having any special bearing

on the production of stomach disease.

An occasional cause of gastric derangement is a general adhesion of the

organ, as the result of previous peritonitis, to neighbouring parts. The
peristaltic movements may thus be considerably interfered with, and a very
painful dyspepsia ensue, leading in turn to a chronic affection of the

mucous membrane. Similar effects follow displacements of the organ, and
especially abnormal distension of it. These conditions may all be supposed
to act chiefly by delaying the adequate removal into the intestine of the

stomach contents, and thus favouring fermentations and formation of

irritant substances, the continued effect of which is the establishment of a

gastritis.

The gastric secretion, and particularly when its acidity is increased, as

frequently occurs, is itself responsible for certain morbid states by exerting

a digestive action on limited areas of the stomach walls, the vitality of

which has been impaired by mechanical damage, by degeneration, by
obstructed circulation, or by other conditions of disease. It is this which
is undoubtedly the most potent factor in the production of gastric ulcer.

Less often, but still with a frequency greater than is probably supposed,

the causation of a stomach affection is to be found in irritating or toxic

bodies, such as albumoses, excreted by the mucous membrane. Such sub-

stances may conceivably have been formed and absorbed lower down in the

alimentary canal, and subsequently excreted by the stomach, or they may
have originated in perverted tissue metabolism. In this way the gastric

symptoms in irregular gout may be explained, though a precipitation of

crystalline sodium biurate in the stomach coats has also been held to account
for them. The association of duodenal, and less often gastric, ulcer with
extensive cutaneous burns has been supposed to be due to poisonous bodies

formed at the seat of injury and eliminated by the bile, causing a duodenitis

with ulceration.

The influence of cold and damp in the causation of gastric and gastro-

intestinal catarrh is undoubted, and especially in infants and children,

whose alimentary mucous membrane is quite as likely, if not more so, to be
affected as their respiratory surface. Individual proclivity in this direction

is often to be noticed among adults, with whom changes in the weather are

apt to be marked by gastric indigestion, diarrhoea, etc. ; and the inten-

sifying effect of cold and wet upon an existing chronic catarrh is well

known. The exact pathogeny of these climatic states is still uncertain,

but a disturbance of the circulation, with engorgement of the portal area,

seems to be an important factor ; whether special poisons are formed by the
altered vascularity of skin and viscera is unknown, or whether the congestion

simply renders the mucous membranes more susceptible to ever present
injurious influences.

Extreme heat appears to act by the general exhaustion it tends to

produce, rather than by any direct effect on the stomach.

Secondary to other Diseases.—There is scarcely any bodily ailment, how-
ever slight or however severe, that does not tend sooner or later to interfere

with the digestive function, be it only a transient impairment of appetite or

a lasting state of catarrhal disturbance. Space forbids more than a reference

to the chief groups of disease.

Indigestion and severe gastric catarrh is the usual accompaniment of an
infective disease, at least during its acute stage, and this has been attributed

to an eliminative effort on the part of the gastro-intestinal mucosa to get
rid of toxic substances formed. An extreme example of this is typhoid
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fever, though the stomach seldom exhibits ulceration, and the duodenum
very rarely.

A family history of tuberculosis has been met with in a considerable

proportion of cases of gastric cancer, and in many post-mortem examinations

of this disease retrograde tubercle has been found by Drs. Kingston Fowler

and Martin.

As might be expected, an imperfect digestion frequently complicates

general states of malnutrition,' such as chlorosis and other severe blood

affections, rickets, obesity, malignant disease outside the alimentary tract,

syphilis, etc. The perverted metabolism which in various ways characterises

these maladies affects the structures of the gastro-intestinal canal, and with

that it may be supposed the completeness of their functional activity, and

hence indigestion.

Very marked are the gastro-intestinal derangements that are associated

with obstructed portal circulation, whether this be due to hepatic disease or

to morbus cordis, and very obvious digestive improvement will often follow

a relief of the congested vessels.

Affections of the stomach secondary to diseases of the respiratory tract

are not infrequent. Vomiting is a common sequence of severe coughing.

Gastric catarrh may be set up by the exposure which has brought about a

bronchitis, and the stomach may with the lungs exhibit the effects of

pneumococcic infection. Tuberculous disease of the alimentary tract has

been attributed to the swallowing of sputum from phthisical lungs.

Eeference has already been made to the dependence of gastritis, and it

may be added of other affections, upon mal-excretion from renal disease.

The relationship of nervous maladies to functional derangements of the

stomach is rather to be seen in those cases where pain is a marked feature,

or in other affections of the higher brain powers, nervous exhaustion,

emotional outbursts, hysteria, neurasthenia, or mental perversions. The

influence of these conditions upon appetite and digestion are well established,

and the nervous temperament, even within a range consistent with health,

has been mentioned as the cause for a large proportion of dyspeptic con-

ditions, presumably by impairing the nerve control of the gastro-intestinal

secretion and motility. The violent attacks known as gastric crises which

occur in the course of tabes dorsalis claim a more obvious structural change

in the nerve centres for their causation. The vomiting in certain cerebral

diseases come within the same category.

Lastly may be mentioned, among the causes of diseases of the stomach

and duodenum, affections of those organs themselves which stand in a

primary relationship to other morbid states. Thus some degree of gastritis

is a constant associate of malignant disease of the organ ; dilatation of the

viscus is in a large proportion of cases due to obstructive conditions at the

pylorus or in the duodenum ; a connection has been traced between carcinoma

ventriculi and the scar of a former ulcer, and also, perhaps, with a long-

standing indigestion, although the association in these cases is not perhaps

so frequent as has been supposed.

Morbid Anatomy and Pathology

The usual post-mortem appearances even of the healthy stomach and

intestine differ considerably from those seen in the same organs during life.

The normal shades of pink which the mucous membrane exhibits according

to the condition of digestion and the delicate velvety look are no longer

seen, the surface is pale and grayish in colour, occasionally streaked by the
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lines of blood-vessels, or even spotted with minute haemorrhages, and of a

somewhat glairy and viscid appearance. This last is due to a softening

of the epithelial cells, which become indistinct in outline, loosened and

separated from the basement membrane, and mixed with the mucus result-

ing from the degeneration of the cells. Should death have taken place

whilst food is in the stomach and digestion is in progress, the extent of the

softening—gastro-malacia— is much greater, and may amount to actual

destruction of large areas of the mucosa and even of the muscular and

serous layer, producing extensive and ragged rents in the organ, with escape

of the contents, and similar invasion of the diaphragm and contiguous

structures. This post-mortem digestion, which is most apt to occur in

children, is most marked at the fundus, and may only be represented by

quite small erosions of the surface. There is usually some, and perhaps

considerable, staining of the tissues of the stomach by the blood, which has

undergone change by the gastric juice. After a time putrefactive decom-

position supervenes. The first part of the duodenum may be involved in

the destruction along with the stomach, but on the whole this is rare.

Congestion and Haemorrhage.—As already said, the post-mortem appear-

ance of the gastro-intestinal canal is but little indication of the actual state

of its vascularity during Life. Under conditions such as portal obstruction

or obstructive heart disease, where the due return of blood is interfered with,

the resulting congestion of the mucosa may persist to a greater or less

extent after death, and an extreme fulness of vessels and coloration of surface

may be seen, especially along the curvatures and towards the pylorus.

Distinct varicosity of the veins around the cardiac orifice may occur at the

junction of the coronary and oesophageal vessels—gastric haemorrhoids ; the

non-persistence, however, of such vascular dilatations after death is not to be

taken as evidence of their absence during life.

It will be readily understood that, where the mechanical congestion has

been intense, rupture of the small vessels is liable to take place, especially

when these are so imperfectly supported in the lax tissues of the mucosa

and submucosa ; hence interstitial haemorrhages are common in such cases,

and according to their size and extent they may reach to the surface, with

consequent effusion of blood into the viscus. Grave alterations in the blood,

such as leucocythemia, scurvy, etc., jaundice, or minute emboli from malig-

nant endocarditis, may all give rise to haemorrhages into the mucous
membrane and deeper layers. Along with recent petechias, or even

without them, may be seen spots of pigmentation, the results of former

haemorrhages.

Inflammation—Gastritis.—The response of the constituent tissues 01

the stomach to the infliction of an irritant that exceeds in degree or kind

those to which it is normally subject and is yet not of that severity to cause

complete destruction—in short, the process of inflammation—varies much
with the character of the irritant, and also with the condition of the

individual.

In its simplest form

—

catarrh—it is one of the most frequently occur-

ring of all maladies, induced as it is by the numerous errors of diet or

improper ingesta to which the stomach is exposed ; or when the viscus is

reacted upon by disturbances in the digestive process, that depend upon

causes apart from structural defects in the organ itself, determining by
their irritant character mild inflammatory results, which in their turn in-

tensify the indigestion.

The mucous membrane in acute gastric catarrh has been seen to become
of a deeper red from hyperemia, more marked in places and not com-
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pletely uniform. At first the surface is probably drier than normal, but is

soon covered with a layer of thick tenacious mucus due to an increased

reaction by the epithelial cells, which rapidly undergo a more extensive

mucoid degeneration than obtains in the normal state. Similar changes,

and more especially those of a granular character, are found in the cells of

the gastric glands—with the result, as may be mentioned in passing, of

causing a diminution or complete arrest of the pepsin and hydrochloric acid

secretion. Moreover, the cells become loosened in their attachments and

desquamate, their place, on recovery, being subsequently taken by the

round cells which lie among their deeper ends. Meanwhile the lower layers

of the mucosa and of the submucosa are oedematous, infiltrated to a varying

extent with leucocytes, some of which escape at the surface with the epi-

thelium and mucus. The readiness with which slight haemorrhages occur

in even the milder forms of gastritis is a noticeable feature, whether they

be into the tissues or an actual escape at the surface. Ordinarily these

changes, which are rapidly established, are transient and quickly recovered

from, with a complete return of the tissues to their normal state. But
should the irritation be frequently repeated or persistent in character, a

more chronic change is set up, which is recovered from with difficulty or not

at all.

The characteristic changes in the stomach which are associated with a

chronic catarrh are, in the most marked cases, an atrophy of the epithelial

and glandular elements of the mucosa, with or without a fibrotic overgrowth,

and usually with some, or may be much, pigmentation, causing the mucous
membrane to be of a gray and slatey colour with darker spots of variable

extent. According to the degree of the fibrosis will be the thickness of the

membrane. In extreme cases this may be considerable, the surface being

raised into irregular projections, sometimes almost polypoid, from the over-

growth in the deeper part of the mucosa and submucosa. When this condi-

tion has not developed, the remains of the mucous membrane largely, though

irregularly, denuded of epithelium and with shrunken and wasted gland

tubules, which have here and there undergone cystic dilatation, is thinner

and smoother than normal and with but little of the mucus secretion that,

in varying amounts, is seen in the healthy state. This condition may
develop as the sequence of repeated attacks of acute gastric catarrh, or may
arise with no obvious acute commencement ; it is also a constant associate

of other morbid states of the stomach, such as dilatation, cancer, etc.

When the irritant to which the stomach has been subjected is of an

intensely severe nature, such as the concentrated mineral acids, strong

alkalies, or metallic irritants (arsenic, corrosive sublimate, etc.) there will

follow their ingestion a sloughing of the stomach walls, depending for its

extent both in depth and area on the strength and quantity of the poison.

The tissues are at once destroyed, the resulting slough presenting certain

recognisable differences according to the destructive agent. Thus whilst

the eschar caused by the strong acids is somewhat hard and brittle—mainly

from dehydration of the tissues—those from alkalies are softer, moist, even

somewhat gelatinous. As regards colour they are generally of a grayish-

white appearance, being a dead white from corrosive sublimate and carbolic

acid, and yellow or orange from nitric acid. The tissues immediately

adjacent to the necrosed portions are in a state of violent inflammation,

extensively infiltrated with blood, which is quickly altered and causes a brown

to blackish discoloration, with all the other appearances of acute gastritis

to a severe degree. If any of the irritant have passed through the pyloric

orifice similar appearances will be seen in the duodenum. Should recovery
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follow, the destroyed areas are replaced by scar tissue which tends to

contract, so producing great thickening and perhaps distortion of the

organ.

Infective Gastritis.—Owing to the inimical effect of the hydrochloric acid

of the gastric juice upon most of the micro-organisms that gain entrance to

the stomach, gastritis of an infective character is of comparatively rare

occurrence. When, however, the acid is deficient in quantity, or the

microbe is unduly abundant or very virulent, it may be presumed that

inflammation will result from their invasion of the mucosa.

(a) Pyogenic or Phlegmonous Gastritis.—The specific form of gastric

inflammation so designated is of infrequent occurrence, and appears both as

a diffuse and a localised suppuration. In the former the submucosa is the

main seat of the process, this layer being hypersemic and infiltrated with

leucocytes and a fibrino-serous effusion, which commonly permeates among
the glands of the mucosa and also invades the muscular layer, and may even

extend into the subserous tissue and involve the peritoneal covering,

thereby causing a peritonitis either limited or general. In this way the

thickness of the stomach walls is much increased and may be dotted here

and there with haemorrhages into the tissues, the glandular epithelium

being in a state of cloudy swelling. Such a condition has been compared
to an erysipelatous inflammation of the skin. Although several organisms

are doubtless responsible for this condition, the only one as yet recognised

with certainty is the streptococcus. How the infection invades the stomach
wall is often uncertain ; as a part of a general pysemia, the state is intel-

ligible, and wounds, operation and other, of the organ, as well as ulcers or

other breaches of continuity of surface may be supposed to admit the

entrance of such pyogenic microbes as have escaped the action of the hydro-

chloric acid, but such lesions are often entirely absent. In the course of

the disease the pus may burst through the mucous membrane and discharge

into the stomach at many points, giving the thickened, boggy walls a honey-

combed and broken-down appearance, or similarly the pus may break through

the muscular and serous coats into the peritoneum. Occasionally this con-

dition has been known to extend into the duodenum. In the localised or

circumscribed variety the collections of pus may form one or more abscesses,

ranging " in size from a bean to thrice that of a man's closed fist " (Dr. Leith

in Allbutt's System, vol. iii.), which may rupture into the stomach, or

outwards into the peritoneal or even the pleural cavity or through the

abdominal wall.

(&) Membranous Gastritis.—In this variety, which is usually associated

with scarlet fever, diphtheria, variola, or pyseinia, and more especially in

children and in those whose nutrition has been profoundly deteriorated, the

inflammatory products form more or less coherent membranes or follicles in

patches on the mucous surface. Most commonly similar patches are to be

seen in the mouth or fauces, and this is to be expected oftenest in diphtheria.

The membrane, of a yellowish-gray or brownish colour, may be quite super-

ficial and consisting of leucocytes and coagulated fibrin involve only the

epithelium of the mucosa, or the deeper tissues may be implicated in the

patch. Various micro-organisms are to be found in the membrane, the

Klebs-Loffler bacillus characterising the diphtheritic state. A well-marked

form of membranous gastritis has been described as the result of pneumo-
coccic infection (Foulerton). Eesembling these pellicles somewhat in

appearance, and indeed in nature, are those superficial sloughs which are

among the effects of the strong corrosive poisons and metallic irritants

already described. In later stages of this lesion, after the membrane
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has been thrown off, the mucosa is left ulcerated with destruction of the

tissues to "varying depth.

(c) Some gastritis is not infrequent in association with pulmonary tubercu-

losis, in part determined, it is supposed, by the swallowed sputum but often

present before any pulmonary disease is to be recognised, and then probably

due to the septic products developed in the course of the associated hectic

fever, and rare cases of tuberculous ulcer have been seen. The infre-

quency of lesions of this nature in the stomach as compared with intestinal

tuberculosis is remarkable ; in the duodenum, however, they are somewhat

more common, but much less so than in the lower part of the canal.

A duodenitis may exist as an extension from the stomach or as a part of

a general gastro-enteritis ; how far a condition of inflammation limited to

this region occurs is conjectural. The possibility, inferred from some ex-

perimental observations, of such a state arising from the excretion of irritant

substances in the bile, derived from superficial burns, has been alluded to.

The observations of Drs. Perry and Shaw upon morbid conditions of the

duodenum led them to notice a close association between enlargement of

Brunner's glands and " diseases due to specific organisms."

Atrophy.—A wasting of the tissues of the stomach and intestines occurs

as a part of the atrophy of the senile state, or in other cachectic states asso-

ciated with marasmus. As already described, it is a result of a chronic

catarrh of these organs, though there may be a coincident fibrosis causing a

thickening of the walls, whilst the normal tissue elements—epithelial and

glandular—may have shrunk or disappeared. A similar condition involving

more or less all the coats usually occurs with morbid dilatation of the

stomach, which is a frequent sequence of chronic catarrh.

The organ is markedly diminished in size in cases of constriction of the

cardiac orifice, the walls undergoing a simple atrophy, and also in the

condition known as fibrosis presently to be described.

Degeneration.—The inflammatory process involves degeneration of the

tissues affected ; this as regards the epithelium, columnar and glandular,

is granular and mucoid, whilst the muscular tissue when implicated presents

the appearance known as cloudy swelling, with later a fatty change. This

latter is especially seen in phosphorus poisoning, when the epithelial cells,

as well as the submucous and muscular layer, may exhibit extreme fatty

degeneration.

The stomach and duodenum may share in widespread lardaceous change,

which is almost entirely confined to the blood-vessels of the mucous and

submucous layers.

Hypertrophy.—An overgrowth of the normal tissues of the stomach

is only to be seen as affecting the muscular coat, and this only within

certain limits. It is most marked in the pyloric region, and is determined

by conditions which interfere with the normal passage of the gastric

contents through the pyloric orifice. When the movements of the stomach

are restrained, as by general peritoneal adhesions fixing it to the abdominal

wall and elsewhere, the muscular tissue also tends to hypertrophy. Atten-

tion has lately been called to a hypertrophied condition of the mucosa of

the duodenum and upper part of the jejunum in diabetes.

A very rare, but at the same time perfectly well-established affection, is

a congenital hypertrophy of the pylorus found in infants a few months old,

and leading to death from inanition. The mucosa, and still more the

circular muscular ring, is very considerably thickened by an overgrowth

of normal tissue, quite distinct from a fibrotic change in the same situation

met with at a much later age, though sometimes also spoken of as con-
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genital. Extreme stenosis of the orifice results with some dilatation of the

stomach. The cause of this condition is quite unknown.
Fibrosis ; Cirrhosis.—These terms denote an excessive overgrowth of

fibrous tissue in the walls of the stomach, which may be partial in extent,

and chiefly towards the pylorus, or may involve the entire organ, which in

consequence becomes much thicker and of firm, leather-like feel, paler and

much less distensible than it should be, and with a capacity diminished to

a quarter or less of the normal. In the greater number of cases it is a

chronic inflammatory process following on a long-continued catarrh, but

it occurs also in cases of corrosive poisoning. This, as already mentioned,

is associated with more or less atrophy of the epithelial and glandular

elements, and some cystic change in the latter, which is further increased

as the new-formed fibrous tissue in the mucosa develops and contracts, com-

pressing the glands and blood-vessels. Owing to an unequal distribution

of the morbid change and irregular contractions of the cicatricial tissue, the

mucous membrane is thrown into the most varied thickenings, the surface at

places assuming a polypoid appearance, constituting the so-called Mat mame-
lonnL Unless very advanced the change is chiefly restricted to the mucosa
and submucosa, but should it extend into the muscular layer, the contractile

fibre cells are likely to be atrophied by pressure of the new-formed material,

a result which is also to be seen in the muscularis mucosas.

In the somewhat rarer cases when the fibrotic change more uniformly

affects the stomach, and to which the term " cirrhosis " is perhaps more
usually confined, the association with a chronic catarrh is much less con-

stant, and the condition appears to be rather of the nature of a primary

overgrowth in the submucous and subserous connective tissue, the deter-

mining cause of which is seldom obvious, although alcoholism is apparently

responsible for some cases. The mucous membrane suffers less both rela-

tively and absolutely than the other coats, and the muscular coat is usually

much hypertrophied.

A general fibroid change, also with hypertrophy of the muscular layer,

involving sometimes the entire organ, may be associated with a malignant

growth of the stomach, the structural characteristics of which are perhaps

best marked or even restricted to the pyloric region, and this is especially

likely in scirrhus carcinoma.

Cases are occasionally seen where the fibrous overgrowth is due to an
extension of a chronic peritonitis into the subserous and other layers.

An extreme fibroid induration of the pylorus, causing often extreme
obstruction, is of not infrequent occurrence, and is by some regarded as

essentially a modification of scirrhus cancer, but if this be so, the cases

exhibit none of the characteristic clinical features of malignancy.

Gangrene.—Owing to the extensive and freely communicating blood-

supply to the stomach, gangrene on any extensive scale is seldom if ever

seen. A considerable destruction of the walls has been alluded to as the

result of corrosive poisons, and sloughing to a limited extent may be seen

in connection with new growths, the vessels of which have been blocked,

and also in the phlegmonous variety of gastritis. The digestive power of

the gastric secretions upon such of the tissues as have lost their proper

vascular-supply is an important factor in the destructive change, and plays

a large part in the production of gastric ulcer. Septic emboli, acute

yellow atrophy of the liver, gangrenous stomatitis, pneumonia, and acute

tuberculosis, have been noted as causes of necrotic patches in the

stomach.

Erosions of the Mucous Membrane.—Superficial abrasions and de-
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struction of very limited extent—often indeed almost microscopic—may be
seen in the course of acute gastritis, or as the result of intense congestion
or altered blood states—hemorrhagic erosions—and may in rare cases be
regarded as produced by the mechanical injury of coarse particles that have
been swallowed, though the solvent power of the gastric juice is doubtless

in great measure responsible. Owing to the readiness with which under
ordinary circumstances repair takes place in a mucous membrane, such
lesions as these are but of short duration and quickly healed ; a slight

extension of the process, however, may result in the formation of a distinct

ulcer in which the tissue necrosis is more serious.

Ulceeation.—Besides the superficial erosions of the mucous membrane
just referred to, and those more extensive areas of destruction of the gastric

walls brought about by corrosive poisons or other violent irritants that are

not immediately fatal, the stomach and the duodenum—at least as regards

its first part—are the seat of a very characteristic ulcerative process which
is of frequent occurrence, but with a singular difference in sex incidence

;

for whilst the gastric lesion is far more common in women, especially young
adults, the duodenal affection preponderates in middle-aged males, a fact

which suggests that local conditions rather than sexual differences are more
concerned in the production of the disease. The actual frequency of gastric

ulcer has been variously estimated. From the post-mortem appearances
either of actual ulcer or of cicatrix, it has been set down as 5 per cent of all

autopsies ; some observers have stated the percentage to be much higher.

The ulcer or ulcers, for there may be more than one, either in the stomach
only, or both in the stomach and duodenum, present, according to their duration,
certain very distinctive appearances. The more recent the ulcer the smaller it is,

averaging half to three-quarters of an inch in diameter, of a round or oval shape,
with remarkably clean punched outline, with no special thickening of the edges,
and the adjacent tissues being healthy in appearance except, perhaps, for a few
scattered hemorrhagic spots. The depth to which the ulcer has extended varies,

and the base may be formed by the muscular layer or by the peritoneum, or this

may have perforated and communication established with the peritoneal cavity.

There is, however, a general disposition for the area of the destruction of the
several coats progressively to diminish with the depth to which the necrosis has
extended, so that the destruction of the mucosa is greatest, and of the serous
membrane the least. In the ulcers of long standing this last character is

commonly well marked, so much so as to give a shelving appearance to the area
of destruction, the edges of the several layers being more or less distinct ; and
to this the expression "funnel-shaped" has been usually, if not very helpfully,
applied. Moreover, the edges in this case may be, though not always, much
thickened from fibroid growth, but not undermined ; the size of the ulcer is

generally much larger, attaining a measurement of even five or six inches across

in extreme cases and sometimes of irregular outline. The chronic inflammation
associated with the growth of these slowly progressing ulcers, and that is to be
seen in the tissues immediately around the edges, tends to cause adhesions of

the stomach to contiguous parts, and this in proportion to the fixity of these
structures. Hence perforation into the peritoneum is in some measure avoided,
and the floor of the ulcer may be formed by the pancreas, the liver, or even the
spleen, far less commonly by the abdominal wall owing to its constant movement,
and the ulcer is more likely, therefore, to perforate into the peritoneum when
situated on the anterior surface of the stomach. But the same accident may
happen whatever the situation of the ulcer, and perforation into the pleural or

pericardial cavity, or into the post-peritoneal connective tissue, and formation of

subphrenic abscess, may occur. Or in this way communication between the

stomach and the intestine may be established, and even very rarely into the

cavities of the heart. Perforations on both surfaces have been met with. Whilst
ulcer of the stomach may be found at any part, it is far more frequent in the

pyloric region, and on the whole oftener on the posterior wall. Occasionally
the ulcer may extend across the smaller curvature on to the anterior surface.

Although the length of time which the ulcer has lasted undoubtedly determines
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differences in the appearances presented, the writer is unable to recognise that
any essential distinction in their nature exists between the two forms here
described, and can see no advantage in applying the term "acute" to the former
variety, the actual duration of which no data exist for determining, and no
clinical justification for drawing such a distinction as the term might imply.
Cicatrisation of the ulcer very frequently occurs, and the scar may be seen post-

mortem, perhaps in association with a more recent ulcer. Considei'able deformity
of the organ may result from the shrinking of the scars, especially of those which
extend over both surfaces and the lesser curvature, whilst if the pylorus be
involved in the cicatrix the orifice may be much constricted.

In offering an explanation for the production of these ulcers, the fact that a
healthy mucous membrane successfully withstands the digestive action of the
gastric secretions, and that any condition which tends to diminish the resisting

power of the tissues favours the necrotic process, must be borne in mind. Indeed,
the pathology of gastric ulcer mainly l'esolves itself into the search for this

deteriorating condition, it being fully admitted that the solvent action of the
gastric juice is the immediately destructive agent. It is obvious that this action
may be at once exerted on a slightly damaged epithelium, whether of the surface
or in the glands, but assuming the deeper layers of the mucosa are not implicated
in the original damage, whether mechanical, corrosive, inflammatory, degenerative,
or other, then the resulting necrosis is limited to the epithelium and a merely
superficial erosion is formed. But with a deeper implication a deeper lesion

ensues, and ulceration is the consequence. It is probable that the immediate
cause is not always the same, although the various conditions that have been
suggested are not equally frequent in their activity. The effect in this direction
of mechanical or chemical damage of the mucosa is obvious, but few cases are to
be thus explained, and still fewer by blows or pressure on the epigastrium, though
the latter has been put forward in the case of tailors, cobblers, etc., and in tight-

lacing. An impairment of the blood-supply by embolism or thrombosis of the
small vessels, thereby interfering with the nutrition of circumscribed areas of the
gastric wall, is a possible but certainly not a frequent cause. But it is in this
way that minute emboli in pyaemia, or particles that gain an entrance to the
circulation as the result of cutaneous burns, may give rise to a few cases of gastric
or duodenal ulcer, the gastric juice being the actual destructive agent which
exerts its solvent power on the damaged tissues. Endarteritis will also affect

the tissue nutrition, and this may explain the alleged liability of the lesion in
syphilis as distinct from the ulcerating gumma that has developed in the sub-
mucosa. Dr. S. Martin has described a condition which he has termed " bacterial
necrosis" due to the invasion of the mucosa or of the gastric glands by micro-
organisms, the tissues being from some cause less resistant than normal. It is

not suggested that any special inflammatory change follows on the invasion,
comparable to that which leads to the ulceration of the intestine in typhoid or
tuberculous infection, but that the tissues invaded become less resistant to the
peptic digestion, and necrosis and ulceration in consequence ensue. Whilst it

cannot be denied that this is the primary cause of some cases, it can hardly be
accepted as other than a very occasional condition. Minute fibro-myomata in the
submucosa have also been described by the same observer as a rare cause of
ulceration of the superimposed mucous membrane by the pressure which the
growths exert and consequent impairment of the vitality of the tissue elements.
To the writer it appears for many reasons probable that the most frequent cause
of this far from rare lesion is the readiness with which a catarrh of the mucous
membrane is induced, and with that superficial erosion just sufficient to give the
gastric juice a chance to exercise its digestive action and establish a small area
of destruction, which in many cases is prevented from healing by the continued
action of the juice and the irritation of food. If, as is often the case, the acidity
of the secretion is abnormally increased its destructive power will be greater.
The minute haemorrhages in the submucosa so frequent in the extreme hyperamiic
states to which the stomach is subject, by the pressure they exert and the tissue
damage they determine, would also appear to be conditions contributing to the
same result. Since also gastric ulcer, at least in its commencement, is most
common in chlorotic girls, the general malnutrition in such patients renders the
resistent and reparative power of the tissues much less than normal, and conse-
quently favours the production of ulcer. It has been sought to explain the
occurrence of the lesion by ascribing it to a perverted trophic influence exerted
through the vagus, but the grounds for such a view are extremely uncertain.

Lesions of identical character to these so-called " round " or " peptic " ulcers
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are met with in the duodenum, most frequently in the first part, much less often

in the second, and most exceptionally in the third, i.e. below the entrance of the
alkaline bile and pancreatic secretion. A preference is exhibited for the anterior

wall. Sometimes there is more than one ulcer, and a similar gastric ulcer may
co-exist ; the stomach lesion, however, is much more frequent than the duodenal,
in the proportion it has been estimated of thirty to one. In origin, appearance,
and course they exactly correspond, though perhaps a larger proportion of the

duodenal perforate, and a subphrenic abscess is on the whole oftener attributable

to the latter than to the gastric ulcer, but healing does take place, and the orifice

of the bile-duct may be included in the cicatrix, causing biliary and pancreatic
obstruction. The chief point of interest about this form of duodenal ulcer is its

association with extensive cutaneous burns, an association too frequent to be
mere coincidence, records showing about 6 per cent, but much less frequently

than was formei'ly supposed, probably from the greater antiseptic precautions now
observed in the treatment of the wounds. It may be mentioned that severe frost-

bite has also been known to be associated with duodenal ulceration. It has been
suggested that during the inflammatory stage of the burn septic particles gain

entrance to the circulation, and as a result minute hemorrhagic infarctions have
been seen in the mucosa of the alimentary canal, the damaged tissue being then

dissolved by the gastric juice. Whilst this hypothesis may satisfactorily account
for the absence of such ulcers from other parts of the intestine, it does not explain

why the duodenum rather than the stomach is the seat of the ulcer as undoubtedly
is the case. For this reason the explanation given of a duodenitis and ulceration

clue to excretion in the bile of irritants derived from the burned area may be
more valid, except that the site of the ulcer is oftener above the entrance of the

bile-duct than below.
The occurrence of gastric and intestinal ulceration in the course of chronic

Bright's disease .occurs with sufficient frequency as to render probable a causal

connection, and such ulcers are found in the stomach and duodenum, though less

often and less extensively than lower down in the canal. In these situations,

when the solvent action of the gastric juice is efficient, the lesions partake of the

general characters of the peptic-perforating ulcer.

The softening and ulceration of caseous solitary glands in the stomach and
duodenum, and the subsequent enlargement of the ulcer in width and depth by
the solvent action of the gastric juice, were regarded by Drs. Perry and Shaw as

one mode of origin of the peptic ulcer.

The submucosa may be the seat of syphilitic gummata, which may
ulcerate, and the vessels of the stomach may exhibit the appearances of

endarteritis, in common with those elsewhere. Chronic ulcers with fibrosis

of the walls of the stomach are sometimes met with in patients the subjects

of syphilis, and in whom similar changes exist in other parts.

The characteristic intestinal lesion of typhoid fever has been occa-

sionally seen in the duodenum in conjunction with ulceration of the ileum

and jejunum.

The duodenum may present the cedematous or sloughing patches with

petechia which distinguish intestinal anthrax, and may be the only part

of the canal affected. Much less often is the stomach involved.

New Growths.—By far the greater number of new growths met with

in the stomach and duodenum are malignant in character, and exclusive of

the uterus, the stomach is the commonest site in the body for the develop-

ment of cancer.

(a) Carcinomata.—These are almost always primary. Occasionally the

stomach is involved by the extension into it of a cancer of adjacent parts,

e.g. gall-bladder or pancreas, or from the oesophagus.

The sex and age incidence of gastric cancer have been referred to in the

section on Etiology.

Structurally the tumours consist of a perverted epithelial overgrowth

embedded in a fibrous stroma, and upon the differences in the proportion

of these elements, the character and mode of arrangement of the cells, and

the destructive and degenerative changes which may take place in the new
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formation, depend the differences, naked eye and microscopic, which these

growths present, and to some extent the varied symptoms they give rise to.

Various terms are applied to the several forms, based chiefly upon their

gross appearances. Thus scirrhus growths are those in which the fibrous

tissue element greatly preponderates, so much so that the cell elements

may require careful searching for. Like all forms of malignant growth

they are most frequent at the pylorus, scarcely if at all extending into the

duodenum, and along the lesser curvature, but they also tend to infiltrate

the body of the organ, and in extreme cases involve the entire viscus, which

is thickened to an extent of half an inch or more, causing an extreme

shrinking of the stomach and reduction of its capacity to a few ounces

;

many cases of cirrhosis ventriculi are doubtless of this nature. The fundus

is least often the site of a malignant tumour.

In the medullary variety the growth is much softer, grows more
rapidly, and forms extensive polypoid excrescences into the cavity of the

stomach. In these the fibrous stroma is at a minimum, and the abundant
cells are clustered in groups or assume a distinct tubular arrangement not

unlike that of the gastric glands, although later as the tubules become
crushed and displaced this arrangement becomes less obvious. These so-

called " cylindrical carcinomata " pass by insensible gradations into what
are known as " adeno-carcinomata " or " destructive carcinomata "—the term

"epitheliomata" being collectively applied to all. With this form there may
also be a very considerable infiltration of the stomach walls besides the

massive outgrowths. Owing to their physical characters and rate of

development it is the medullary cancer which is most prone to ulcerate,

and also as a consequence to bleed. Portions of the surface may be seen

in a sloughing state, and with the continued formation there is a continued

destruction of the growth, even to leaving large ulcerating areas with con-

siderable induration and very thickened edges.

The carcinomata that commence at or are confined to the cardiac region

are sometimes of the nature of squamous epithelioma, such as are met with

in the oesophagus ; others are of the spheroidal variety, such as occur in

other parts of the stomach. In this condition the stomach generally

atrophies and shrinks, the oesophagus being dilated.

These various growths are very liable to undergo a colloid degeneration,

both of cells and stroma. To a slight degree it is frequent, but occasionally

the change assumes a most extensive character, and gives rise to large alveoli,

enclosing gelatinous material, which spread to the peritoneum and thence

to the abdominal cavity generally.

Primary gastric carcinoma starts in the mucosa or submucosa, and later

invades the muscular, subserous, and serous layers, together with a leucocytic

infiltration, especially in the medullary varieties. To what extent a

previously deteriorated or damaged state of the constituent epithelial tissues

favours its origin is unknown, and in some measure depends on the view

taken of the determining cause of the neoplasm, but it is noteworthy that

the orifices, especially the pyloric, where the opportunity of friction from

the contents is greatest, are the most frequent situations, corresponding in

this respect to the growth of cancer elsewhere. Some stress has been laid

upon the frequency with which a chronic ulcer, or the scar thereof, may
become the seat of a malignant growth, but the relationship of these con-

ditions is probably no more than that of a damaged surface favouring the

development of the new growth, or on the infective view of the origin of the

latter facilitating the invasion of the organism. But in reference to this

question the clinical fact that cancer of the stomach very often develops



400 STOMACH AND DUODENUM, DISEASES OF

in persons who have given no previous evidence of gastric derangement of

any kind must be remembered. When the serous membrane is involved an
adhesive peritonitis is set up, sometimes to a considerable extent, the gastric

growth being inextricably involved in a mass of fibrous tissue by which the

surrounding parts are matted together. This is especially so when the

neoplasm has originated outside the stomach, as in the gall-bladder. It may
be observed that tuberculous lesions have frequently been found in the

bodies of persons dying of cancer of the stomach, as previously stated.

The lymphatic glands along the lesser curvature are involved, and may
attain a considerable size : the retroperitoneal, and occasionally the inguinal,

supraclavicular, and maxillary glands, may also be enlarged.

Secondary growths are more likely to follow on the medullary forms,

which are more vascular, and from which particles are more easily detached

into the blood or lymph current. Obviously the liver is the commonest seat

of such deposits, and less often the lungs. Subcutaneous nodules, especially

around the umbilicus, are occasionally seen, Involvement of neighbouring

organs—liver, peritoneum, pancreas, colon, etc.—by extension is common,
and in this way fistulous communication of the stomach into the intestines

may be established.

The duodenum, and more particularly the second part, is an occasional

seat of primary carcinoma that accords in general characters and course to

similar gastric growths. It is by far the most common situation for

malignant tumours of the small intestine, and is frequently involved in

extensions of growth from the pancreas or pylorus or gall-ducts. It almost

always causes stricture of the gut. As in the stomach, the scar of an ulcer

appears to be not infrequently the starting-point of the new growth. As
Dr. Kolleston has pointed out, " carcinoma has a special tendency to arise

in the duodenal mucous membrane covering the biliary papilla. This must
be differentiated from carcinoma arising inside the papilla or in the ampulla

of Vater." And he further adds that the former may be rapidly fatal by
causing suppurative inflammation of the bile-ducts.

Malignant nodules in the stomach and duodenum, secondary to similar

growths in the heart or elsewhere, are not unknown ; Dr. Hale White says

6 or 7 per cent of all malignant gastric neoplasms are in this category.

(&) Sarcomata.—New growths of this type occasionally occur both in the

stomach and in the duodenum, presenting in their general features a close

resemblance to the carcinomata. They are of the round cell variety, and
have been noticed especially to invade the muscular coat, spreading from

the submucous (Drs. Perry and Shaw). As a rule, they occur at a much
younger age than does carcinoma, very many being in persons under twenty

years old.

(c) Small fibro-myomata, lipomata, and papillomata have been recorded

as of rare occurrence, and the same may be said for the development of

lymphadenomatous nodules as a part of a general lymphoid overgrowth.

Malformations and Malpositions.—These departures from the normal

condition may be either congenital or acquired. On the whole, the stomach

is less liable to those of the former class than are many other organs.

Complete absence of the viscus has been recorded, the continuity between

oesophagus and intestine being completely interrupted. A stomach con-

genitally small, or with partial separation into two parts by septa, has been

met with, and also a peculiar condition of pyloric stenosis from hypertrophy

of the muscular ring.

The deformity known as the " hour-glass contraction " appears to be

sometimes congenital, and has been regarded as a reversion towards the
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condition in some lower animals. Atresia of the duodenum by a septum

resembling a large valvula connivens near the biliary papilla, or at the

junction with the jejunum, is an occasional condition, and occlusion of the

bowel in all degrees up to completeness may be met with.

These organs may share in a general transposition of the viscera, or the

stomach may be situated in the chest from absence or deficiency of the

diaphragm. In the foetus and at birth the stomach is more vertical than

in the adult, and this position may be maintained during life, though

probably not so often as has been supposed.

Acquired deformities and displacements of the stomach and duodenum
are far from uncommon. Owing to the cicatricial contraction which may
follow ulceration the viscus may be considerably distorted, especially when
the lesion has affected the walls to any depth, and no adhesions have taken

place to adjacent organs. The internal surface may be much puckered by
radiating cicatrices, or the organ may be constricted in the middle, causing

the " hour-glass stomach," with consequent dilatation or contraction of the

two parts into which the cavity is divided. Such a deformity when once

established is, of course, permanent, and must be distinguished from a

temporary condition, which may be sometimes seen post-mortem, due to a

spasmodic contraction of the " pre-pyloric sphincter," corresponding to what
normally takes place during digestion.

The shape of the stomach is also much altered in advanced cases of

cirrhosis ventriculi, or of general infiltration of the walls by new growth.

In such the normal pyriform outline is lost, and the shrunken organ is more
tubular in character and much diminished in capacity. The stomach may be

very much reduced in size subsequent to permanent oesophageal obstruc-

tion. Stenosis of the pyloric orifice is of frequent occurrence, caused by
the cicatrix of an old ulcer situated in that region, or by a new growth,

or less often by a non-malignant fibrosis or hypertrophy of the pyloric

valve.

Dilatation of the Stomach ; Gastroectasis.—This is the commonest and
clinically most important of the alterations in shape and size to which the

stomach is liable. Whilst in a few cases apparently primary in origin, it is

far more usually secondary to some definite gastric disease, and of these

pyloric or duodenal obstruction, from whatever cause, is the most frequent.

The difficulty and delay in forcing the stomach contents through into the

duodenum leads to their accumulation within the organ, the muscular coats

of which may hypertrophy, particularly in the pyloric region. But this

compensatory change is only possible to a limited extent, and should the

cause of the stenosis be a carcinomatous infiltration the muscular tissue is

displaced by the new growth, and the propulsive efforts proportionately fail.

The undue retention of the partially digested food in the stomach soon leads

to a catarrhal state of the mucous membrane, which diminishes the general

tone and resistance of the stomach walls, and contributes to their yielding,

which the bulk of the contents and the gases formed by their fermentation
still further assists.

Next in frequency as a cause of gastroectasis is a weakening of the

stomach walls, such as follows on a chronic catarrh, and occasionally on an
acute attack of the same condition. A too frequent ingestion of food—

a

habit acquired by many persons—has been held as a cause of gastric

dilatation. Should there be, as is likely, from the impaired digestion a state

of general malnutrition, or any debilitating disease, such as ansemia, chronic
renal disease, etc., the resisting power of the stomach walls will be still

further diminished, and so favour the dilatation of the organ. The dilata-

vol. xi 26
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tion in these two groups of cases usually takes some time, weeks or months,

to be established, but there is sometimes met with an acute form of this

condition, the cause of which is often obscure. In this category belong

those cases of gastroectasis, which develop in connection with some of the

acute infective diseases, when the walls of the stomach may be supposed to

be weakened by the toxic substances produced in the course of these

maladies. Similar acute dilatation which sometimes occurs in nervous

states, such as hysteria and neurasthenia, are far less easy of explanation.

A large secretion of fluid, amounting to several pints, is usually found in

these acute cases.

The extent to which the stomach may distend from these various causes

is very variable, though occasionally enormous, three or four times the

normal capacity. With this extreme enlargement the organ tends to fall

in the abdomen, the upper part of which it nearly fills, and the lower margin
may reach almost or quite to the pubis, bending upwards from the right

iliac fossa towards the duodenum, which remains, except perhaps for the first

part, almost constant in position. In other and less extreme cases the

stomach lies transversely across the abdomen from left to right hypo-

chondriac region, with the lower limit somewhere below the level of

the umbilicus ; and in exceptional cases the dilated viscus chiefly occupies

the left side of the abdomen, being more vertical in position. These dis-

placements downwards are most marked when the cause is an obstruction

at the pylorus, and the greatest distension is associated with non-malignant
stenosis. In the enlargement from atony the stomach seems rather to

dilate upwards (Broadbent). Except for such thickenings as may be due

to new growths, and hypertrophy of the muscular layer, the walls of the

dilated stomach are much thinner than normal, though rupture is of

doubtful occurrence except there be previous ulceration or injury.

In great eaters, and particularly when the food is chiefly vegetable, the

stomach may exceed its normal size and capacity, but so long as there is no

undue delay in the emptying of the viscus the condition is not to be

clinically regarded as one of disease.

Dilatation of the stomach and displacement of the right kidney have

been noted as frequently coexisting.

As the result of obstruction in its lower part the duodenum may
become enormously dilated, the stomach being commonly also involved.

The duodenum also appears to exhibit a special proneness to become saccu-

lated as compared with the rest of the canal, and Drs. Perry and Shaw
have suggested that this may be due to "an unusual degree of intra-

intestinal pressure in this part of the alimentary tube." The base of an

ulcer in this situation may yield and give rise to a diverticulum, or the

bowel may be dragged on from outside by adhesions, forming " retraction

sacculi." Sometimes no such cause is to be discovered. Occasionally,

two saccules may be met with, preferably in the neighbourhood of the

biliary papilla. The pouches are lined by a normal mucous membrane,
which is wanting when there has been a previous ulcer, and are formed by

all the coats, being about an inch in diameter. Sometimes the sac consists

of a protrusion of the mucosa between the separated fibres of the thinned

muscular layer, and covered by the peritoneum.

The various causes of pyloric stenosis have been incidentally referred to,

and may be collectively enumerated thus : (a) congenital, (b) fibroid over-

growth, malignant and non-malignant, (c) growths in the pyloric region,

(d) cicatricial contraction of scar following ulceration, (e) pressure of growth

from without, (/) displacement of pylorus by adhesions or by dilatation of
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stomach, causing kinking of the duodenum and functional constriction of

the pyloric orifice, the so-called " stenosis by dislocation."

Gastroptosis.—Besides the alterations in position assumed by the stomach

in consequence of its increase in size, the organ may " drop " from its proper

situation as a part of a general ptosis of the abdominal viscera, and less

frequently may alone be so displaced. Deformities of the trunk from spinal

curvature, tight lacing, etc. may also lead to some change in position of the

viscus which in these cases is otherwise normal.

As the result of adhesive peritonitis the stomach may become fixed by
firm fibrous adhesions to the diaphragm, abdominal wall, spleen, and other

structures, and some distortion of the organ may result therefrom.

Kupture of the healthy stomach or of the duodenum may be the result

of injury, blows over the epigastrium, especially when distended by a meal,

or being run over by a wheel. The existence of ulceration may favour the

accident. Laceration of the duodenum has also been attributed to severe

and prolonged vomiting.

Fistulous communications between the stomach or duodenum and
adjacent parts may be established by morbid conditions originating in the

latter. Thus the gall-bladder or colon may ulcerate through into the

duodenum, or abscesses in various situations, hydatid cysts, or aneurysms
may burst into the stomach or bowel.

Various foreign bodies that have been swallowed, or that may otherwise

have gained entrance into the stomach or duodenum, may be found therein.

Masses of hair, string, coco-nut fibre, etc. felted together, pins, nails, etc.

have been seen in the stomach in lunatics or hysterical patients. Gall-

stones may lodge in the duodenum, and ascaris lumbricoides is sometimes to

be met with as high up in the canal, whilst it is the normal habitat for the

ankylostoma duodenale.

General Symptomatology

The various morbid structural conditions above described determine the

occurrence of certain signs and symptoms some of which are more or less

common to all stomach affections, as others, whether singly or in combina-
tion, are more peculiarly distinctive of individual lesions. But besides these

definite diseases of the stomach and duodenum, with the manifestations

they give rise to, there are many phenomena which are referable to improper
digestive changes in these organs which may have been caused by circum-
stances quite apart from the viscera concerned, and that are properly those

of indigestion or dyspepsia. No doubt primary digestive disturbances that

may be set up in the stomach, and not directly due to diseases of the viscus

itself, will sooner or later bring about morbid changes in the organ, and a

vicious circle be established ; and on the other hand, primary affections of

the gastro-intestinal tissues will, in addition to the indications furnished by
their existence, also tend, in proportion to their severity and continuance,
to set up indigestion. It is not, therefore, sought to attempt any sharp
distinction between the clinical phenomena due to the structural lesions

from those attributable essentially to the ill digestion of the contents, but
in forming a diagnosis and proposing a treatment it is desirable, so far as

possible, to keep these two fundamental sources of symptoms distinct, and
discriminate between what is dyspeptic or functional trouble from actual

structural lesion.

The subject of indigestion, at least so far as the stomach is concerned,
has already been considered (see article " Indigestion," vol. v.). Inasmuch
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as digestion properly signifies the physico-chemical changes which take place

in the food in the alimentary canal, it seems to the writer undesirable and

inaccurate to include in its purview the function of the absorption of the

digester, and still less the phenomena of metabolism which concern the

destination, changes, and uses of the absorbed material, and for imperfections

in which neither the digestive organs nor the process of digestion may be in

any way responsible. Hence " indigestion " or its synonym " dyspepsia " is

here taken to mean some imperfection in the digestive process as above

defined, whether it be oral, gastric, or intestinal.

The signs and symptoms of structural diseases of the stomach and
duodenum, together with those referable to mal-digestion of their contents,

whether there be obvious lesions of these organs or not, may be conveniently

grouped into (a) local and (b) remote. With respect to the former it is

certain that they are present in a greater or less degree whatever may be

the character of the cause, and in the more pronounced and graver structural

affections they may almost be regarded as paramount, the remoter mani-

festations being in the greater number of cases scarcely existent. On the

other hand many dyspeptics, in whom the condition is chiefly functional,

with little if any recognisable change in the stomach, manifest symptoms
which are in a great measure distant from the organs in which the faulty

process is at work. At the same time it is not suggested that it is possible

to draw therefrom a symptomatic distinction between the organic and the

properly functional diseases.

The local symptoms of gastric or duodenal disorder are separable into

(a) subjective sensations and (V) objective phenomena.
The process of digestion is normally carried on without any conscious

sensation thereof, and the only sensory impressions connected with the

process are a feeling of hunger referable to the stomach, which may in some

cases become painful in its intensity, and the sense of pleasurable well-being

which follows on the healthy gratification of the appetite. This last, how-

ever, is rather of the nature of a general sensation than in being specially

associated with the stomach ; similarly the sensation of thirst is of a general

character, probably connected with a want of fluid by the tissues, and though

perhaps most felt in the pharynx, really originates in the nervous centres.

Perversions of these sensations—hunger and thirst—are among the com-

monest symptoms of disordered digestion, and also in some measure of

structural diseases of the stomach. They have received special consideration

in the article " Appetite " (vol. i. p. 323).

The strictly local sensory affections accompanying indigestion and

gastro-duodenal diseases exhibit the widest range of degree and character.

The channels by which they are probably conveyed to the sensorium have

been mentioned in the section treating of the anatomy of these organs.

The generally accepted terms in which these sensations are conventionally

described are for the most part very inadequate, but the limitations of

language in this respect offer no better alternatives. Vague discomfort

referred to the gastric region, a sense of " weight," " fulness," " tightness," or

" oppression," or a " sinking " feeling before or after food, are some among
those most frequently complained of, and are oftenest attributable—at least

the three first named—to a larger bulk of contents, whether solid, liquid, or

gaseous, than the stomach can cope with, whether this has been due to a

larger meal than was suitable to the individual, or to the development of

gases during the process of digestion, or to the presence of some specially

indigestible article of food. Speaking generally, such symptoms are an

expression of a delayed digestion, whether from insufficiency of the gastric
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juice, or from impaired motility of the organ, as in gastroectasis or atony

from whatever cause, or from both. A feeling of " emptiness " akin to

hunger is, as the word implies, commonly due to a want of food in the

stomach, which may be the result of a very rapid digestion and expulsion

of the digesta into the intestine, coming on unduly soon after a meal. The

nature of all these sensations and of pain, next to be considered, is clearly

related to the sensibility of the stomach. Normally this appears to be but

slight, less so perhaps than in the intestine; ordinarily, hot or pungent

substances swallowed produce no conscious effect when they reach the

stomach, and moderate irritation of the gastric mucous membrane seems

to cause a sensation of " weight " rather than pain (Brunton). The mucosa,

however, is liable to become hyper£esthetic, and then pain is experienced.

Pain in the stomach, stomach ache, or gastralgia is the most marked,

the most constant, and in some respects the most distinctive of gastric

symptoms, indicating some structural change of the organ of primary origin,

or an irritation due to some digestive disturbance, or some purely neuro-

pathic condition.

The epigastrium and lower end of the sternum is the most frequent

situation of pain of stomach causation, this being often strictly circum-

scribed, and perhaps felt over an area that may be covered by the finger tip, in

other cases it is more diffused over the epigastric and hypochondriac regions.

Less often than intestinal and other abdominal affections it is experienced

about the umbilicus. Owing to the course of the afferent nerve channels,

the pain is frequently referred to the interscapular region and to the

shoulder, whilst the overlapping of the pulmonary and gastric nerve-

supply accounts for the occasional reference to the stomach of pain that is

excited by diseased states of the lungs or pleura.

In character the pain varies from a dull ache or sense of weight and

tightness, to being " throbbing," " spasmodic," " dragging," " gnawing,"
" darting," " lancinating," " smarting," " burning," or a sense of " soreness,"

of all degrees of intensity, from simple uneasiness up to intolerable agony.

The milder forms may become wearing when long continued. It is

noticeable that patients rarely if ever use to describe their suffering such

similes as being " gnawed by a rat," or that their " insides are being burned

with red-hot irons," as they not infrequently do when the lower intestines

are the source of the pain, and that gastric pain ; whatever be its character,

is less likely to provoke mental delusions than intestinal distress is. The
duration of the discomfort may be extremely brief or almost continuous.

It is seldom that the pain has any reference to the mere quantity of the

ingestion, but the quality of the same is apt seriously to influence it, and
the simplest articles of diet may in some circumstances provoke great

distress. Curious idiosyncrasies in this respect are to be met with. The
time relation of the pain to the taking of food, whether it follow immediately
or not for half an hour, or one or two hours, and to what extent it is

relieved by vomiting or by the eructation of gases, or whether it be

increased or diminished by pressure over the stomach, are also characters to

be noted as well as the presence or absence of tenderness over the painful

area, which is sometimes so great as to prevent contact with the clothes.

To some extent these several characters of gastric pain are distinctive of the

various diseased states which the stomach may exhibit, and so far are referred

to in treating of the special symptomatology of these maladies ; and
although taken with other indications are of considerable diagnostic value,

yet require judgment for their interpretation owing to the exceptions which
must be made in any statement concerning them. It is also important to
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remember that pain in the situation and with the. characters here

described may be due to causes other than gastric, such as affections of the

colon, spleen, gall-bladder and ducts, spinal caries, thoracic aneurysm,

and intercostal neuralgia.

As Dr. Head has shown, certain regions of the scalp are associated with

the segmental areas of the trunk as low as the tenth dorsal, it follows that

reflected pain and tenderness may be experienced over the temporal,

vertical, parietal, and occipital regions when the areas corresponding to the

stomach, viz., seventh to tenth dorsal, are involved, and as discomfort over

the latter vary in intensity, so will the former.

A peculiar form of gastric pain is known as heart-burn, acidity or

cardialgia, caused by the contact of the acids of the stomach (whether the

hydrochloric, or the organic acids produced during digestion) with the

surface of the oesophagus, which is normally much more sensitive than the

stomach. The condition which permits this contact is a relaxation of the

cardiac orifice with slight eructation of the stomach contents. It is usually

associated with gastric flatulence which favours this regurgitation, and is

relieved by free eructation, or by assuming the erect position. It is not to

be regarded as necessarily indicative of hyperchlorhydria nor of increased

acid fermentation, and often is not so.

Closely connected with unhealthy states of the stomach and its

contents are a, foul breath and nasty taste in the mouth, of which there are

many varieties. Ill-smelling gases liberated in the process of digestion,

some of which have escaped upwards from the intestines through the

pylorus account for the first, and in some measure for the second, which is

also partly due to abnormal products of digestion or of metabolism which

are excreted in the buccal fluids. The condition of the mouth itself, carious

teeth, etc., must not be overlooked in this connection.

Another subjective sensation is nausea, which is especially likely to be

called forth by the sight or thought of food, or may be felt apart from such

association. It is always combined with an impaired appetite, and readily

passes on to vomiting. It is usually due to some altered state of the

mucous membrane of the stomach, and is hence a frequent though not

invariable symptom of catarrh both acute and chronic, but its precise

pathology is not certain.

The chief objective signs of gastric disease, besides such as are ascer-

tained by physical examination, are flatulence, eructations, and vomiting.

Flatulence.—The stomach ordinarily contains a small amount of gas,

partly consisting of air that has been swallowed, and partly of C0
2 , derived

from fermentation of the food stuffs. From either of these sources the

amount may be very considerably augmented, and in addition gases, such as

C0
2 , H, SH2 , and even CH

4 , may pass upwards from the intestines through

a relaxed pylorus. Under certain conditions, not well understood, an

interchange between the gases of the blood and those in the stomach may
take place in such a way as largely to increase the latter. When the

quantity in the stomach is such as to cause distension, or is eructated in

appreciable amount, then flatulence is understood to occur. Since the

fermentation of carbohydrates is the chief cause of the condition, it follows

that it commonly indicates such an error in their digestion as permits a

longer delay of the food in the stomach than should be, or a deficiency of

hydrochloric acid by which the fermentations are held in check. Other forms

of mal-digestion, however, are sometimes responsible, and paralytic distension

of the organ, as may occur in some nervous states, after great pain or with

peritonitis, is associated with an extreme amount of flatulence. Apart
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from the discomfort and even pain induced by the distended stomach,

disorders of the circulation, such as fainting, palpitation, and pseudo-

anginous attacks may ensue, consequent on the impediment offered to the

heart's action.

^Eructations.—Besides the belching up of gases, which may be some-

times very distressing in amount, coming on an hour or two after meals,

or much later, some of the liquid contents of the stomach may be brought

up into the mouth. These may be neutral or alkaline (water-brash), con-

sisting generally of saliva that has been swallowed, or of the fluid

remains of digestion in which the acids have been neutralised or reabsorbed.

Or, as is more common, the ejecta are acid (pyrosis), whether hydrochloric

or organic, and frequently associated with hyperchlorhydria, and as a con-

sequence gives rise to cardialgia. Such fluid may rise into the mouth at

any time after a meal, but more often about one to three hours after.

When not due to hypersecretion, it signifies some delay in the digestive

process, and in the propulsion of the chyme into the duodenum.
Vomiting.—Next to pain this is probably the most significant sign of

gastric disorder, but it must be remembered that it is induced by conditions

quite apart from the stomach, as in some cerebral and meningeal diseases,

certain blood states and poisonings, and in a reflex manner. When strictly

dependent upon local causes, these are to be found in the nature of the food,

quantity or quality, an irritable state of the stomach from catarrh or

ulceration, the former of which occurs in most gastric diseases, and hence

vomiting comes to be a very frequent manifestation of stomach affections.

Its time of occurrence and relation to the ingestion of food, the relief or

otherwise it may bring to discomfort or pain, whether it be easy of perform-

ance or accompanied by much retching and straining, are among the chief

characters to be taken notice of. Still more informing is the nature of the

vomit, such as the quantity and appearance, its reaction, and the nature

and percentage of the acids present, the condition of the food-remains, and
the presence of bile or blood, points that are fully dealt with in the

account of the individual diseases (see article " H^ematemesis," vol. iv. p. 257).

Inasmuch as the digestion which takes place in the stomach is in the

main preparatory to the more elaborate changes which take place in the

intestines, it is obvious that the latter are liable to be influenced by the

completeness or otherwise with which the stomach performs its functions,

and hence such peristaltic disturbances as constipation and diarrhoea,

although directly dependent upon the intestines, may really owe their

causation to gastric inefficiency.

Space precludes more than the bare enumeration of the remote symptoms
of gastric indigestion which may be thus grouped. Nervous.—Headache,
vertigo, giddiness, subjective sensations of sight and hearing, drowsiness, heavy
sleep, torpor, wakefulness, mental irritability or depression, hypochondriasis,

melancholia, referred pains, muscular cramps. Dr. Ford Eobertson has

recently drawn attention to severe catarrhal changes in the stomach and
intestine associated with various forms of insanity, especially general

paralysis, and attributes the lesion in the mucosa to the irritant effects of

toxic bodies developed during digestion. Circulatory.—Palpitation, cardiac

irregularity, intermittent action, syncope, cardiac pain, angina, flushing

of face, coldness of extremities. Respiratory.—Cough, dyspnoea, sighing.

Cutaneous.—Various urticarial and erythematous rashes, acne, muddy
or dirty complexion. Urinary.—Deposits of urates, phosphates, oxalates,

uric acid ; albuminuria
;
glycosuria ; aromatic sulphates. Among the most

frequent results of diseases of the stomach, or other organs of digestion,
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and of disorders of the functions performed by them, are a general malnutri-

tion, as seen in the wasting and emaciation which so frequently follows on

these maladies, and a deteriorated resisting power on the part of the tissues,

rendering them more susceptible to infections (e.g. tuberculosis), or other

causes of disease.

Of the interference with digestion by the inadequate absorption of

digesta from the stomach, or by the presence of substances excreted into

the viscus, as may be the explanation of " gouty dyspepsia," very little is

known ; but it is not improbable that either condition occurs independently

of the other and commoner causes of indigestion.

Such are the manifestations of gastric disease and of gastric dyspepsia

considered generally. Covering as they do so wide a range of character,

their investigation becomes difficult so far as their reference to cause

and diagnostic value are concerned, from the fact that many totally

different conditions give rise to similar symptoms. Groups of these

occurring in association with tolerable uniformity constitute the several

varieties of indigestion which have been qualified by such terms as " irrita-

tive," " atonic," " flatulent," " bilious," etc.—names which it is now better to

discard, as a more precise pathology has shown their inaccuracy. Far less

open to objection is a classification based on the site of the digestive perver-

sion, whether oral, gastric, duodenal, or intestinal, although the data for

such a grouping are still very deficient. From another aspect the forms of

dyspepsia may be arranged according to the particular element of the food

which is ill-digested—proteid, fat, or carbohydrate. But probably the most

satisfactory basis is that of causation, which would give the following

forms : (i.) Dietetic
;

(ii.) Symptomatic, i.e. the manifestation of primary

affections of the digestive organs—structural, nervous, and vascular
;
(iii.)

Bacterial indigestion ; and those rarer conditions due, it may be presumed, to

(iv.) Defective absorption of the digesta, and (v.) to improper excretory pro-

cesses taking place in the gastro-intestinal canal. Eestricting attention,

however, to the stomach and duodenum, it suffices to repeat that symptoms

distinctly referable to these organs are due—(1) either to structural diseases

of those viscera, or (2) to abnormal digestive changes taking place in their

contents, and that these last may be the result of (a) structural defects,

or (b) may be the consequence of dietetic errors, or (c) of some impaired

nervous control of the function without any recognisable lesion in the organs

concerned, a true nervous dyspepsia. But although these three funda-

mental forms—symptomatic of structural disease, dietetic, and nervous

—

may each occur in many varieties, yet the continuance of the second and

third is likely to bring about from the irritation produced some change

(catarrhal or other) in the mucous membrane, which intensifies the primary

fault.

Special Symptomatology and Treatment of Gastric Neuroses

Included within this term are those disturbances of gastric function for

which no structural cause is to be found in the organ itself, and attributed

to perverted nervous influence, whether this be due to gross change in the

nerve centres, such as tabes dorsalis, cerebral tumour, meningitis, etc., or to

general states of these centres for which no anatomical substratum has as

yet been discovered, such as hysteria and neurasthenia, or that still more

indeterminate condition known as the " nervous temperament." By far the

greater number of cases are referable to these last-named causes, whether

they have been inherited, as is more usual, or have been acquired as the
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result of excesses in living, of nervous exhaustion, of chlorosis, of gout, of

previous illnesses like influenza, or of other circumstances. Not a few may
be traced to causes acting reflexly, especially pelvic disease, ovarian, uterine,

or rectal, and even, it has been asserted, to eye-strain and astigmatism.

The influence of the nervous system is exerted on the sensory, motor,

and secretory functions of the stomach, and perversions of each of these are

met with singly or in combination. Whilst some are quite independent of

morbid changes in the organ, some are also met with in association with

very distinct lesions, but no appreciable difference is to be detected in the

symptoms in these two groups of disease.

Secretory.—Although the anatomical connection between the nervous

system and the gastric glands is as yet imperfectly known, the control

exerted is undoubted. Under normal circumstances it may be affirmed

that the gastric juice is only secreted under the stimulation of food, or

immediately preceding its ingestion when mastication is about to com-
mence, and that in the intervals between gastric digestion, except for any
mucus or swallowed saliva, the stomach is empty, and, also, it would
appear that the presence of the gastric secretion in an empty stomach is

productive of pain or discomfort of some kind. Further, it seems to be

very probable that the quantity and quality of the gastric juice is very

considerably influenced by the mental or emotional state of the individual,

and possibly the existence of pain may act similarly. Thus it may be that

food that departs widely from physiological digestibility may be taken with

impunity by a dyspeptic under pleasurable surroundings, whilst a perfectly

orthodox diet may provoke indigestion under conditions of depression or

anxiety. The effect on the motility as well as on the secretion of the

stomach is not to be disregarded in the result.

Investigations, more especially in Germany, have gone to show that the

secretion of the gastric juice is subject to very considerable variation both

as regards quantity and time of production in relation to food ingestion.

It cannot be said that in this country these results have received much
clinical application, in great measure from the obvious difficulties connected

with the withdrawal and analysis of the stomach contents under specified

circumstances, more especially since such procedures require frequent repeti-

tion to obtain a knowledge of the real state and to avoid a general inference

from a possibly chance condition.

The alterations in the composition and quantity of the gastric juice at

present recognised chiefly concern the hydrochloric acid ; of the pepsin and
other ferments less is known, but they do not in all cases appear to vary
pari passu with the acid.

Thus it is found that the quantity of gastric juice secreted may very

much exceed the normal, being poured out either almost continuously

(Eeichmann's disease), or at intervals quite irrespective of the presence of

food in the stomach. Very frequently the fluid contains a greater per-

centage of hydrochloric acid than in health. These conditions are for the

most part met with in grave nervous states, such as the enormous secretion

in the gastric crises of tabes, often lasting over several days, or the similar

state observed in the rare and obscure cases of acute gastric dilatation which
are usually rapidly fatal. They often appear to be quite unconnected with
any obvious lesion of the stomach.

In another group of cases of more frequent occurrence the percentage -of

hydrochloric acid exceeds the normal (-1 to -25), and may be as much as

"4 or -5, with no increase in the quantity of fluid. This hyperchlorhydria is

a frequent accompaniment of chlorosis, and is constantly associated with
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gastric ulcer, with the production of which it is largely connected. Another

cause for hyperacidity, quite distinct in character, is an over-formation of

organic acids derived from fermentation of the carbohydrate ingesta—a true

digestive fault—which is rendered possible by a deficiency in the hydro-

chloric acid secreted, or by a great excess of sugars and starches. It is

important to recognise the difference in the nature of these two conditions,

which may appear to be alike to the mere test of litmus paper.

In contrast to the foregoing are those patients in whom there is a

deficiency of gastric juice, even, it is said, to complete suppression—achylia

gastrica—or a percentage of hydrochloric acid below the normal. Although

these conditions may occur without any change in the mucosa, and may be

the effect of nerve influence only, they are most frequently the result of the

chronic catarrhal, or other alterations in the structure of the mucous
membrane when the glands are destroyed, such as is particularly found in

cancerous infiltrations or in cirrhosis ventriculi.

The symptoms which these several morbid states give rise to are neces-

sarily closely associated with imperfections in digestion, and are in some

measure modified by any coincident alterations in the motility of the

stomach. All degrees of sensory disturbance are experienced, from a mere

sense of weight and fulness, or vague abdominal discomfort, when the secre-

tion is deficient, to a burning pain when the acid is in excess, or the juice is

poured out into an empty stomach. Acid eructations and gaseous expul-

sions are frequent, and vomiting generally gives relief, though causing a

smarting in the gullet from the nature of the ejecta. In hypersecretion and

hyperchlorhydria the appetite is often good, and frequently food relieves the

pain, particularly if this be nitrogenous, by combining with the acid, but in

the reverse condition the desire for food is variable, capricious, or wanting.

As a rule, the symptoms supervene soon after a meal, when the secretions

are deficient, and perhaps not for two or three hours, when there is excessive

acidity.

Owing to the very inefficient digestion of the food when the juice

is deficient, the remote digestive troubles such as lassitude, headache, etc.,

are commonly complained of, and the case corresponds generally to a chronic

gastritis, which indeed may be the cause. In excessive secretion, so long-

as there is food to deal with, symptoms are for the most part in abeyance,

since digestion of proteids at least is effected, and the evils of excessive carbo-

hydrate fermentation are averted ; but when the stomach is empty, then

the superacid fluid acts as an irritant on the mucous membrane, which,

there is reason to suppose, is often hypersesthetic in such cases. As further

contributing to the pain that is felt, pyloric spasm is liable to occur, being

excited by the over-acidity. Irregularities of the bowels, constipation, or

diarrhoea are almost surely present. Kegard must also be paid to other

manifestations of the underlying neurosis, which may or may not over-

shadow those referable to the digestive organs.

There is little to add concerning the sensory neuroses of the stomach, to

what has already been written about perversion of appetite, pain, nausea, and

other abnormal sensations. No distinction can be drawn between those

associated with definite gastric lesions and the same when no structural

change is to be found and they are the expression of some general neuropathy

or of a local neuralgia (gastrodynia). Such symptoms play an important

part in the manifestations of " nervous dyspepsia," and are not infrequently

relieved by the taking of food, or by pressure over the epigastrium, although

this is not invariable. Having regard to the normally slight sensibility

possessed by the gastric mucosa, a condition of hyperesthesia is assumed to
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exist when the presence of food, of saliva, or of stomach secretion induces

pain or distress, and such a state appears to be the explanation of much of

the discomfort associated with erosions, ulcer, and indeed of structural

changes in the stomach generally. From this it will be seen that it is often

extremely difficult entirely to exclude the existence of any lesion in a case

of gastric pain and to be sure that it is a gastrodynia only. Attention

should be paid to the presence of other hysterical or neurasthenic symptoms
and to relation of the pain to other evidences of disordered stomach,

such as vomiting, cardialgia, flatulence, tenderness, etc., as well as the

results of physical examination of the abdomen. The occurrence of pain

independently of food, or its relief by the same or by pressure, and a general

tendency of periodicity in occurrence, often regularly at night, and little

disposition to be referred to the interscapular region or shoulder, are of con-

siderable importance in arriving at a diagnosis. The most frequently

recurring difficulty in respect to diagnosis lies in the discrimination of these

very common cases in chlorotic young women, when all the symptoms of

gastric ulcer are present except the haemorrhage, from what would be

regarded by many as gastrodynia, and it may be admitted that no criteria of

difference are to be found, nor are such reasonably to be expected if much of

the pain in ulcer is attributable to hyperesthesia of the mucosa. Paroxysms
of gastrodynia are occasionally alarming in their intensity, for with the

pain there may be a condition almost of collapse, with cold sweats and
a small slow pulse, though this does not always correspond to the

general condition, and may give a clue to the real nature of the affec-

tion. A copious flow of pale urine of low specific gravity, as with other

forms of nerve storms, may immediately follow the attack. A curious and
inexplicable association of gastric pain with aortic incompetency has been
noted. As illustrating pain of nervous origin, when there is a gross lesion

of the centres without change in the stomach may be mentioned the gastric

crises of tabes. The condition known as " anorexia nervosa," when a most
extreme emaciation takes place, often with complete loss of appetite, is not
to be regarded as merely the result of a want of food or a peculiar form of

gastric neurosis, but rather as some abnormal state of the central nervous
system, which leads not only to impaired appetite (not always, it is to be

noted, a complete anorexia), but also to a grave deterioration in the
nutritive capacity of the tissues.

Perversions of the motility of the stomach are frequent and various,

both in the direction of excess and of deficiency, and their dependence on
impaired nervous control, distinct from gastric disease, is in very many
cases undoubted, emotional and mental states being often clearly respon-
sible. All grades of excess are to be met with, from an increased peristalsis

up to an attack of eructations or vomiting—so-called hysterical—which may
last for days. The intestines are at the same time usually involved, and
borborygmi and diarrhoea occur, causing much inconvenience. The sensi-

bility of the stomach is also most likely to be altered, and the motor disturb-

ances are then accompanied by a conscious sensation of the existence of a
stomach, or a sickening, sinking feeling, or even pain, which may be
extremely severe, as happens in the gastric crises of some spinal cord
diseases. Moreover, muscular manifestations of other structures are apt to

occur, of which hiccough or deep sighing are among the most frequent. A
simple exaggeration of the normal peristaltic movements results in propelling

the contents of the stomach into the duodenum with undue haste, and the
consequent causation of a feeling of emptiness or hunger sooner after a meal
than is usual. If, as sometimes occurs, the peristalsis is in the reverse
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direction, the intestinal contents, even those of the colon, may find their way
into the stomach and be thence ejected. A rare manifestation of this

perversion leads to rumination or merycismus, when the food is chewed,

swallowed, and then brought up, exactly as in ruminant animals. This

has been seen in persons the subject of grave nervous diseases, but has

also been known to be acquired by imitation and practice. The motor
disturbance may take the form of definite spasm, sometimes affecting the

entire stomach, though this seldom causes any discomfort resembling

intestinal cramp or colic. Spasm of the cardiac aperture is usually nervous,

though may be induced by hot or irritating ingesta ; but the pyloric spasm

is most often caused by a hyperacidity of the contents, and is a frequent

cause of severe epigastric pain two hours or more after a meal.

- Deficient muscular power in the stomach is a common symptom of any

state of bad health and general enfeeblement, of anamria, chlorosis, and the

like, as well as chronic catarrh of the organ ; less often is it a manifestation

of a purely nervous condition, though temporary inhibition of its exercise

may accompany great emotion or anxiety. The resulting symptoms of this

atony are those of delayed digestion, with a sensation of weight and dis-

tension with flatulence and eructations. Eelaxation of the cardiac and

pyloric orifices may occur, unduly facilitating the passage of gas in the

ingesta in abnormal directions.

Treatment.—Eor the satisfactory dealing with that form of gastric

indigestion that is essentially nervous in its origin, and the treatment

of the sensory, motor, and even the secretory disorders which in varying

combination constitute " nervous dyspepsia," it is of primary importance

to take into consideration the general condition of the individual, and not

confine attention to the stomach and its misdoings. Indeed, it is very

often absolutely necessary, in gaining the confidence of the patient, to

appear to be disregarding the digestive troubles in endeavouring to

disabuse his mind of his " liver being out of order," or of that much-abused
organ being the seat of his trouble. Such patients are commonly full of

notions as to the nature and cause of their malady, and are very apt to

neglect all advice that does not fit in with their preconceived ideas, and

consider their case is not properly understood unless something is done to

" touch " their " sluggish liver." The widespread advertisements of pills

and nostrums for the cure of all digestive troubles fosters their erroneous

conceptions, and their self-dosing does much to make their illness more

difficult to treat. Hence it is that not only in attending to the general

condition of the patient must such conditions as chlorosis or other under-

lying perversions of nutrition receive careful treatment, but the habits and

occupation, with the mental and emotional state of the individual, be

investigated, as well as the existence of neurasthenia or other nervous

disease, and, if need be, corrected. Quite as much good may be done

in these directions by change of scene, a rest from work, and other such

measures, as by remedies specially directed to the stomach itself.

As contributing to the general treatment, it is very desirable that the

sufferers from nervous dyspepsia should be kept warm, and that their

clothing should be suitable and sufficient for the limbs as well as for the

trunk. Such patients are liable to suffer much from cold feet and hands

and to specially " feel the cold," and such an indication must be met by

application of warmth or by the prevention of loss of heat by their

apparel. A woven or flannel abdominal belt is a very useful adjunct to

the ordinary underclothes, and night-socks or hot-water bottles to the feet

or belly afford much relief and materially assist the circulation. Hot
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fomentations or similar applications are of the greatest service in severe

paroxysms of gastric pain, and should be employed whatever else may be

done.

Whilst on general hygienic grounds it may be advisable to recommend
moderate and regular exercise, it must be remembered that the subjects of

the malady under consideration are very likely to be easily tired, and that

fatigue generally favours neuropathic manifestations. Caution, therefore, is

necessary as to the degree and character of the exercise to be taken, and any-

thing like exhaustion must be avoided. Indeed, it is frequently well to order,

if only as a preliminary or adjunct to other treatment, a partial or complete
" rest cure." Eesting before and after a meal should be carefully observed.

Among the errors of living in such cases is a walk home, after a day's office

or other work, before dinner. Early rising and cold bathing, whatever may
be their merits for others, are not suitable for the nervous dyspeptic, who
may often be recommended to breakfast in bed so as not to start the day

tired. At the same time, restrictions must be put upon the engagements

and entertainments later in the day, when such patients are often at their

best and feel quite fit for considerable exertion, although at the cost of

exhaustion and increased suffering next day.

All-important, of course, is the question of diet, but at the same time

much judgment and discrimination are required in laying down rules for it,

since it is most desirable that the patient should not be continually think-

ing of what he should eat or avoid, and should be prevented as far as

possible from the habit of introspection upon his condition, whether this

refer to his food or to the action of his bowels, both which subjects occupy

a large share in the thoughts of many a neurotic man or woman, and, in

the writer's experience, more frequently the former. Many is the dyspeptic

who, if not self-made, is at least self-continued by the pursuance of some

ridiculous dietetic regimen for which he offers some reason which is as

ignorant as it is absurd. Excellent and essential as a regulated dietary is,

both for getting well and for keeping well, the writer ventures to affirm

that as many cases of indigestion exist whose cause is as clearly attributable

to some course of diet the components of which may be physiologically with-

out reproach, as there are those whose ailment is the direct abuse of dietary

prudence, and the recent introduction of patent foods, extracts, and
especially predigested aliments is largely responsible for this result. The
idea that this, that, or the other plain, digestible, and nutritious article

of food will disagree is with many a fad that has been encouraged, though

it must be admitted that idiosyncrasies in respect to the digestibility of

ordinary foods are occasionally to be met with, and must be allowed for.

Hence in this class of case it is very common to furnish the patient with

a written dietary to be followed. Except for special reasons, let the food

be as varied as possible, with due regard to its digestibility ; and it is a

common experience that individuals who are, as the phrase is, " martyrs to

indigestion " may partake freely of even a public dinner and feel better

rather than worse for the transgression of their self-imposed rules.

In a large number of cases, no doubt, where careful examination and
the patient's own account have shown the secretory, the motor, or the

sensory functions of the stomach to be really impaired, then a regulated diet

must be insisted on. When a state of supersecretion or hyperchlorydria

exists, the more the food is confined to simply lean meat with a very small

amount of rusk or dry biscuit and hot water, or very weak tea without

sugar, between meals, the better. A milk diet for a few days will often

suitably precede this plan. The digestion of other alimentary principles



414 STOMACH AND DUODENUM, DISEASES OF

is clearly defective in such a condition, just as in the opposite state of

hypochlorydria proteids should be avoided and a carbohydrate dietary

adopted. It is well also in this condition to encourage the taking of salt,

as this is the source of the deficient acid. In other neurotic disturbances

it is well to aim at returning to ordinary meals at the usual times, and this

course may be soon re-established even in patients who seem the most

resistent. It need not be said that obviously indigestible articles—pastry,

nuts, cheese, pickles, etc.,—be eliminated from what is taken, at least at

first.

Very considerable assistance to digestion may be given by the administra-

tion of hydrochloric acid, immediately before or after meals, in those con-

ditions when this is shown to be deficient, and particularly when there is

flatulence and eructations from faulty carbohydrate digestion, with cardialgia

from the presence of an excess of organic acids. The uncertainty as to the

variations in the amount of pepsin secreted, and its not corresponding with

alterations in the hydrochloric acid produced, render the administration of

this agent less certain, and rules for when it should be given are not easy

to formulate unless analysis has clearly shown its deficiency. It certainly

is not so generally useful as is the acid. The writer has found a very

satisfactory way of giving pepsin is in the form of Benger's liquor pepticus,

one or two teaspoonfuls before meals in a couple of ounces of Liebig's beef

tea as ordinarily made and allowed to become tepid, not being taken hot.

Ten or fifteen drops of dilute hydrochloric acid may also be added to

this. The Liebig's extract furnishes the material from which the gastric

glands in great measure elaborate their secretion. When there is hyper-

chlorydria the giving of acid is clearly inadmissible, and alkalies, soda and

potash salts, are indicated. Although giving relief to the symptoms, it is

only of a temporary character, and far from curing the underlying secretory

fault, they really tend to intensify it. Preparations of atropin or bella-

donna, with the dietetic measures indicated, are of the most value for this

condition.

For the pain and other sensory disturbances, as also for vomiting,

sedatives are necessary, such as hydrocyanic acid, preparations of bismuth,

oxalate of cerium, aqua chloroformi, codein, cocain, and morphia. Of

these the first three named are most efficiently given in an effervescing

mixture, and for milder degrees of discomfort may be sufficient. In

the intense agony of some gastralgic attacks, morphia is a necessity, and

even then may well be added to the bismuth and hydrocyanic acid. Hot

drinks, especially containing a little brandy or peppermint, will sometimes

act well, and when the pain is due to pyloric spasm from the irritation

of excessive acidity, a full dose of sodium or potassium bicarbonate with

a carminative is effective. If vomiting prevents anything being retained

in the stomach, a hypodermic injection of morphia or a rectal injection of

chloral (gr. xv.) and potassium bromide (gr. xl.) may be given. The need

for caution in the administration of morphia is obvious, but it must not be

forgotten that when pain is constantly recurring, especially in neurotic

subjects, it tends in a great measure to become a " habit " which may be

broken quickest by a few daily repeated effective doses of an opiate, con-

cealing if possible from the patient the nature of the remedy given.

Topical applications of heat, fomentations, hot bottles, sinapisms, or tur-

pentine stupes are of the greatest service. Supplementary to the_ local

anodynes are those which produce their effect rather as general sedatives

—

phenacetin, antipyrin, chloral, cannabis indica, hyoscyamin, etc.—and may

be advantageously employed.



STOMACH AND DUODENUM, DISEASES OF 415

Another group of remedies—antiseptics—for the correction of organic

fermentations are not on the whole as effective as might be supposed within

the dosage limits of the drug that is permissible. The most commonly em-

ployed are creasote, carbolic acid, resorcin, and salicylic acid, the last-named

being probably the best. They may be rendered more efficacious if given

with essential oils, as of peppermint, rosemary, cajuput, etc., made into a

draught with aq. chloroformi, itself an antiseptic. Charcoal in cachet or

biscuits is convenient when a prolonged administration is requisite.

Assafcetida in emulsion acts well, and often succeeds when other drugs

have failed. For flatulence and gaseous eructations these same agents are

used, being given between meals, a draught containing hydrochloric acid

and a vegetable bitter preceding the food. General tonics, as quinine,

iron, or arsenic, may be called for in improving the general tone in con-

junction with such hygienic measures as have been referred to.

If the reluctance of the patient can be overcome, lavage is usually

beneficial, except perhaps when the gastric digestion is unduly hurried, in

all cases of delay in the process it is called for in proportion to the urgency

of the symptoms. When impracticable, an emetic, and the encouragement

of vomiting by full quantities of warm water may go some way to replace

it. The disagreeables connected with the passage of a stomach tube are

soon overcome if the patient will really try, and it is seldom that it is

really impossible if the individual is willing to persevere for a few times,

when he will then probably pass it himself without any discomfort. To a

bystander the performance appears to be much more distressing than it

really is. By washing out the stomach, not only may the noxious products

of defective digestion be removed, but the opportunity is offered of the

direct application of remedies to the surface in the form of sprays as of

carbolic acid, menthol, nitrate of silver, etc. In practical hands the method
of intragastric faradisation, or galvanism, the positive pole being introduced

into the stomach and the negative placed on the spine, has been found of

great value in the treatment of most of these neuroses of the stomach, and

this is much facilitated if the patient has been accustomed to the passage

of a stomach tube.

Special Symptomatology and Treatment of Inflammation of

the Stomach and Duodenum

Acute Gastritis

Symptoms.—Having regard to the wide range of cause, from an

indiscretion in diet, to a single dose of an irritant poison, or the invasion

of pyogenic micro-organisms, it is to be expected that a considerable varia-

tion in the intensity of symptoms is exhibited by the cases comprised under

this term.

In the milder cases, when the condition supervenes upon previous good

health and the cause is a temporary one, the patient may complain of but a

slight feeling of malaise with disinclination for exertion, and an elevation of

temperature by a degree or degree and a half, or perhaps not even so much.

The symptoms otherwise are chiefly referable to the stomach, as loss of

appetite, and usually thirst ; a sense of discomfort even amounting to pain

in the epigastric or left hypochondriac regions ; a feeling of nausea, and

probably retching or vomiting at first of such food as may be in the

stomach, but little digested, and later of a little mucus and sour fluid,
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examination of which shows an absence of hydrochloric and the presence

of organic acids, lactic, acetic, or butyric. The tongue is coated and foul,

and the breath offensive. The bowels may be unaffected, or there may be

some diarrhoea. Of symptoms remote from the digestive organs, a slight

degree of headache, frontal or occipital, and a somewhat quickened pulse are

the most usual.

According to the character and intensity of the exciting cause, any or

all of these symptoms may be much increased in degree. The slight sense

of illness may deepen into a state of prostration, and such is specially likely

to be the case in children, in whom also the intestine is somewhat more
prone to be simultaneously affected. The temperature may reach 103° or

even higher, this being in some measure determined by the temperament of

the patient. The pain may be severe, of a burning character, and shooting

through to the back, increased by deep breathing or by anything but the

blandest material swallowed. Tenderness also may be elicited over the

epigastrium, and the abdominal muscles are rigid or contract on the slightest

pressure.

When the gastritis is the result of a corrosive poison, pain is severe, and
is felt in the throat and gullet as well ; the retching and vomiting is most

distressing, and the material brought up is frequently blood-stained with

shreds of the mucous membrane ; the motions may also contain altered

blood, and defecation may be painful. The general symptoms are much
intensified, the patient becomes cold and collapsed, with a small, scarcely

perceptible pulse and rapid shallow breathing, increasing until death occurs

from cardiac failure, sometimes with convulsions or coma ; or there may be

peritonitis to which the fatal result is attributable.

In phlegmonous or suppurative gastritis, the symptoms are also severe,

especially those indicative of the general condition, but none are peculiar

to the disease. There is a state of grave illness which rapidly deepens, and

death commonly ensues in the course of a few days, though occasionally it

has been known to continue for weeks. The temperature ranges higher as

a rule than in other forms of gastritis, and may reach and remain at 104°

Fahr. or even higher ; the nervous symptoms, such as pain, restlessness,

delirium, and coma, are considerable
;
jaundice may develop, and vomiting,

constipation, or diarrhoea, a dry brown tongue, thirst, and loss of appetite

are constant. When the suppuration is circumscribed and an abscess is

found in the gastric walls, pus may appear in the vomit from a bursting of

the same, but short of the occurrence of this phenomenon, the diagnosis will

remain uncertain, though the nature of the case may be suspected.

The symptoms of chronic gastritis are essentially those of a chronic

gastric dyspepsia, since that is the usual morbid state underlying the

clinical complex known as chronic gastric indigestion, when that malady is

not purely nervous in origin. It may become established as a sequence of

acute gastritis, or may slowly develop without any definite commencement
as the result of obstructed portal circulation, of continued infection from oral

sepsis, or in the course of chronic toxsemias, such as gout, chronic nephritis,

etc., but its most frequent cause is probably to be found in the continued

mal-digestion of food in the stomach, whether from imperfect secretion of

gastric juice, impaired motility of the organ, or oftenest of all from the

repeated subjection of the mucosa to improper ingesta. Hence, besides occur-

ring alone, it is an almost constant accompaniment of a dilated stomach,'

and commonly is found with other gastric diseases, such as ulcer and cancer.

The general result of the structural changes which characterise a chronic

catarrh of the gastric mucosa is to impair the movements of the organ, to
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lead to a secretion of juice which is deficient in quantity or in hydrochloric

acid, and probably to set up an undue sensitiveness of the membrane ; the

organ hence becomes deteriorated in turn, and is liable to dilate. Once
established, therefore, chronic gastritis tends to produce or to intensify those

conditions to which its occurrence may have been due. As might be
supposed from the varied circumstances attending its causation, the

symptoms it gives rise to are varied in range and character, from the

mildest degree of discomfort to almost continuous suffering. Broadly
speaking, the condition is one of delayed digestion, marked by a sensation

of weight or oppression, or even slight pain, that comes on some time after

food, and may continue for several hours. There may be some tenderness,

especially on pressure over the stomach, and exertion even of deep breathing

may cause discomfort in that region. The appetite is indifferent or variable

and capricious. Flatulence with consequent eructations of gas, that are

frequently induced with difficulty, though affording considerable relief

when they have occurred, are among the most constant indications. There
is a general liability to nausea, especially in the morning, and vomiting also

is apt to be most frequent then, due, as it often is, to the absorption of

poisonous products of digestion. Indeed, auto-intoxication is most probably

the explanation of many of the remote symptoms of this condition, such as

the dull, heavy headache so constantly met with, the lassitude and dis-

inclination for mental and bodily exertion, muscular cramps and vertigo.

The vomit or material artificially withdrawn from the stomach shows a

deficiency of hydrochloric acid and excess of mucus ; the results of proteid

digestion may be recognised, and the products of carbohydrate fermentation.

The appearances of the tongue are less indicative of the state of the stomach
and digestion therein than was formerly supposed ; it may be thickly coated,

or large, flabby, and indented with the teeth and clean, or red and denuded

;

such variations are more dependent on the state of the mouth, teeth, and
mode of breathing, and all may be met with in the course of a chronic

gastric catarrh. A nasty taste in the mouth and foul breath are usually

complained of. The ill effects of the indigestion on the general nutrition are

seen in the wasting, the muddy complexion, the ansemia, and the condition

of the urine, which is frequently scanty, high-coloured, and concentrated,

throwing down lithates, or uric acid, or oxalate of lime crystals. The
digestive processes in the intestine are more or less upset by the ill-prepared

food in the stomach, and constipation, with attacks of diarrhoea, flatulence,

and other symptoms, complicate the initial gastric disorder. All degrees

and combinations of the conditions enumerated characterise the various

cases of this very common complaint.

In patients suffering from this disease the examination of the stomach-
contents and the digestive process by Ewald's test-breakfast is often of very
valuable assistance (see article "Digestion and Metabolism," vol. ii.).

In making the diagnosis, attention should be paid to the possible existence

of other stomach affections, or of general diseases, such as gout, etc., and still

more to the habits and diet of the patient. Upon the nature of these

several circumstances and the steady pursuance of treatment the prognosis

of the case will mainly rest.

Inflammation of the duodenum, apart from a similar condition of the

stomach or of the intestines, is of doubtful occurrence clinically, and gives

rise to no symptoms by which it can be certainly diagnosed. Simple
catarrhal jaundice is commonly attributed to a mild duodenitis, but there

is no reason to regard the duodenum as the sole part of the canal affected,

and the supposed occurrence of inflammation in this situation as the result

vol. xi 27
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of toxic excretion in the bile has been referred to in considering the morbid
anatomy of these organs.

Treatment.—The ordinary cure of acute or subacute gastric catarrh

requires no treatment, as a rule, beyond entire abstinence from food for

twelve or twenty-four hours, washing out the stomach by drinking warm
water freely, and a mild mercurial purge. If there be much pain, an
effervescing mixture containing liquor bismuthi et ammonise citratis, with

hydrocyanic acid, will be required, and if it be clear that the stomach is

empty, and yet retching and vomiting be excessive, a quarter of a grain of

cocaine with one drop of carbolic acid in a mucilaginous draught wall be

found very useful. A hot bottle or fomentations to the abdomen will give

great comfort.

In the more serious forms of gastritis following irritant poisons, appro-

priate antidotes will be required, and probably opium for the relief of

pain. The general state of the patient demands attention, and stimulants

or strychnine to avert fatal collapse. Except in this same direction, little

can be done for the very serious phlegmonous form of inflammation.

To ascertain and if possible remove the cause is the first and most
important step in the treatment of a chronic gastritis. When this is due

to errors in diet, whether of quality or quantity, alcoholic excess, insufficient

mastication, or the state of the teeth and gums, correction of the fault

may of itself be soon attended with cure. So satisfactory a result cannot

be looked for when the catarrh is the consequence of a chronic congestion

from portal obstruction, or is the accompaniment of dilatation or cancer of

the stomach, and palliative measures alone are possible.

The indications for treatment are threefold—to do what is possible

to restore the damaged mucosa, to make up for the deficiencies in the

digestive process, and to treat the symptoms to which these conditions give

rise. Working as they do in a vicious circle, relief at any point contributes

to the general improvement. If complete rest could be given to the stomach,

the chance of its self-restoration to a normal state would doubtless be much
advanced, but this is of course impossible, as the patient must be fed, and

in such cases the demand for nourishment is often especially great. General

tonics, change of air, and treatment at chalybeate or other spas, e.g. Harro-

gate, Homburg, Ems, Vichy, etc., where the dietetic requirements are en-

forced, are called for in severe or long-standing cases. Bismuth and nitrate

of silver are the drugs that probably exert the most directly beneficial effect

on the mucosa, and it is said that their efficacy is increased by their intra-

gastric application in the form of spray. Carlsbad salts are a beneficial

adjunct to any treatment that is adopted. Digestive deficiencies may be

in great measure remedied by regulation of the diet, etc., since in chronic

catarrh the active agents of the gastric juice are commonly diminished in

quantity, and by the administration of hydrochloric acid and pepsin with

vegetable bitters.

The general principles that should be observed in this respect (and

further detail is impossible in the space available) have already been set

out in the preceding section, and the same may be said as regards the lines

of treatment for the individual symptoms of the resulting dyspepsia,

which are in the main alike, whether the underlying cause be a structural

change (chronic catarrh) in the mucosa, or a perverted nervous control of

the motor secretory and sensory functions of the stomach.
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Special Symptomatology and Treatment of Ulcer of the Stomach

The symptoms of a typical case of gastric ulcer are few in number and
precise in character, presenting a clinical picture concerning the nature of

which there can be little mistake. But in the consideration of all cases

which may fairly and properly be comprised within this category, very con-

siderable exceptions have to be made, and no one of the symptoms, even of

those most definite, is of invariable occurrence. Severe epigastric pain,

much intensified, or called forth by food and unrelieved until the stomach be

emptied of its contents by vomiting or by propulsion through the pylorus, with
a more or less profuse hsematemesis, occurring in a young person, especially

a female, constitute the leading features upon which a diagnosis would be
made without much hesitation. There exist, however, great differences in

the general condition of the individuals in whom such symptoms may occur,

in the subsequent course and complications which may arise, and, so far as

is known, in the character of the gastric lesion ; so much so, that whilst

closely corresponding in the essential manifestations, patients suffering from
what is with good reason recognised as ulcer of the stomach nevertheless

are widely contrasted in the entire clinical characters of their disease.

Hence it will be convenient first to refer seriatim to the several symptoms
in detail, and subsequently to describe the general course of the main types

of the malady.

Pain.—Of the three leading symptoms—pain, vomiting, and haema-
temesis—pain is the most constant, and in cases of extremely rapid course

which terminate by perforation it may be the only symptom, to be followed

at once by collapse and other evidences of peritoneal involvement. Some-
times the pain is almost or quite continuous, and sufficiently intense to

interfere with sleep, but far more often there are periods of relief, a paroxysm
being excited by the food that is swallowed, setting in within a few minutes
to half an hour or more afterwards. Some attempts have been made to

locate the situation of the lesion by the time that elapses between the taking
of food and the onset of pain, the longer the period the nearer to the

pylorus; but since the pain is often partly of neuralgic nature, being
induced by other conditions, such as exposure to cold, excitement, exertion,

or even by menstruation, the result is not altogether satisfactory. The char-

acter of the pain is variouslydescribed as burning, boring and shooting through
to the back, sometimes so severe as to cause fainting, and tending to become
more intense as the case progresses. As a rule, it is strictly localised, and
the patient points to a spot just below the ensiform cartilage, sometimes as

well, or it may be only, at a spot in the back immediately to the left of the

tenth or eleventh dorsal vertebra. Occasionally the pain radiates from the

epigastric region, or, like so many pains of gastro-intestinal origin, may be
felt about the umbilicus, or be referred to a higher point along the spine

between the sixth and eighth dorsal vertebrae, or even to either shoulder or

arm, or along the intercostal spaces. How far these variable situations are

connected with the actual site of the ulcer is uncertain, although some
indication of this may sometimes be obtained by noting variations in the
degree of pain that follow alterations in the position of the patient ; thus
when relief succeeds to lying on the face, the ulcer may be on the pos-
terior wall, or at the cardiac end when the right decubitus is assumed.
Pressure over the epigastrium almost always increases the pain, and the
tenderness and hypersesthesia in this region may be so great that even
contact with the bedclothes is unbearable.

Such are the usual characters, but to each one of the statements excep-
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tions occur. Thus, pain may be wholly wanting. Large ulcers have been

found in the stomach post-mortem, which have given rise to no symptoms
during life, and whose existence was quite unsuspected ; or it may be that

a violent hsematemesis has first suggested the lesion, and a painless recovery

has ensued ; or pain may cease for long periods to recur later, whilst other

evidences of ulcer persist. Or, again, the pain may have no such definite

relation to food as here described ; it may come on when the stomach is

empty long after a meal, or it may be almost continuous, and but little,

if at all, influenced by what is swallowed. The explanation of this is doubt-

ful ; a flow of gastric juice of increased acidity has been suggested to account

for the former phenomenon, and this may be why food has very rarely been

known to relieve the discomfort ; and the permanently distended stomach

may determine a constant pain,although the associated gastritis may be partly

responsible. Very exceptionally, pressure over the epigastrium has been

known to afford relief,and in a case of duodenal ulcer within the writer's know-

ledge which was fatal by perforation, this circumstance was very marked.

Vomiting.—This is almost if not quite as constant a symptom as pain,

being very seldom absent when the ulcer is in the usual situation, viz. on

the posterior wall at the pyloric end, although when the lesion is on the

anterior surface or at the fundus it may not occur. Like the pain, it is

usually induced by food or by an accumulation of saliva that has been

swallowed, which act as irritants to the exposed nerves ; at the same time

it is also liable to be excited by mental or bodily exertion, or other circum-

stances acting refiexly. As a general rule the pain is relieved, perhaps

entirely, by the vomiting, although exceptions to this do occur. Hydro-

chloric acid is always present in the vomit, very often in excess, together with

the products of digestion, albumose, etc., and frequently lactic acid. It is,

however, the presence of blood, usually in large quantity, from several ounces

up to one or even two pints, that especially characterises the ejecta. The

hsematemesis may occur only once or be repeated twice or more within a

day or two, and is not infrequently preceded by an accession of pain, or by

peculiar sensations of heaviness or distension of the stomach. The blood

is bright, and coagulates after being voided, or clots may be brought up.

However profuse the haemorrhage may be, it is comparatively seldom fatal,

though such a result is not unknown, and death has followed an escape of

blood into the stomach without any being vomited or passed per anum.

The bleeding, of course, reduces the patient to an extreme degree of faintness,

and this, as well as pallor, are proportionate to the loss of blood. In excep-

tional cases hsematemesis is the first symptom to suggest the presence of

an ulcer in a patient who has made no previous complaint of either pain or

vomiting, or even of the mildest dyspeptic troubles. Such blood as passes

on into the bowels is ultimately voided as a black material resembling tar,

due to the decomposition of the blood by the gastric juice, and the conver-

sion of the iron of the hsemoglobia into the black sulphide by the sul-

phuretted hydrogen in the lower intestines. This constitutes true " melsena,"

a term that is often improperly applied to any haemorrhage from the bowel,

whether this be of bright or reddish-brown altered blood. When the ejeeta

are actually black, it is proof that the source of the blood is above the entrance

of the bile-duct, and that it has been submitted to the action of the gastric

juice.

Investigations directed to the functional capacity of the stomach when

the seat of an ulcer have demonstrated a very constant excess in the secre-

tion of hydrochloric acid, which has previously been referred to, probably

playing some part in the production of the lesion. This hyperchlorydria
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may even be met with when the stomach is empty, and in the dilatation

which may follow on pyloric stenosis caused by cicatrisation of the ulcer.

The pepsin also would appear to be frequently increased. Some deficiency

of gastric motility is apt to occur when the general health is much impaired,

as in chlorosis or in gastroectasis ; and such absorption as takes place from

the stomach is alleged to be delayed in this disease.

Associated with these very definite manifestations, there is a variable

degree of gastric dyspepsia, which may be due to a chronic gastritis of some
duration, in connection with which the ulcer may have been developed ; or

the indigestion may have been of the nervous variety and closely connected

with secretory or motori-sensory disturbances in the stomach. Since, also,

the greater proportion of cases classed as gastric ulcer occur in young and
chlorotic women, the failures in normal gastric digestion as well as many
of the general symptoms may be properly referred to the quality of the

blood and the malnutrition dependent thereon. Thus it is that the appetite

is commonly very indifferent or capricious, and thirst is complained of,

especially if there have been any haemorrhage; the tongue is pale and
flabby and indented by the teeth ; and constipation, due to the deteriorated

tone of the intestinal musculature and the lack of adequate stimulus to

peristalsis from the small bulk of the contents, is the rule. With these are

various degrees of discomfort, perhaps amounting to pain in the stomach or

abdomen generally, with a sense of fulness and sinking. But such symptoms
as these by no means necessarily occur, and they are not peculiar to nor

even essential manifestations of ulceration. They may have existed for

long previous to those due to the ulcer, or they may set in when those

caused by the specific lesion have in great measure passed away, or they

may be wholly absent throughout.

Other evidences of perverted function which may be met with in the

course of gastric ulcer are probably only remotely related to that condition,

and are rather the secondary expressions of disturbance, or result from the

general state of bad health accompanying the special stomach affection.

The temperature, apart from any inflammatory complication, is normal or

even below. The heart, which is generally undisturbed, may become
irregular and develop various murmurs when the ansemia is considerable

;

from lack of sufficient nourishment the force and tone of the circulation is

likely to be depressed. To the general state of ill-health and dyspepsia

may also be ascribed such specially nervous phenomena as headache, ver-

tigo, and sleeplessness. Dr. Dreschfeld records three cases in which general

convulsions occurred, probably in connection with haemorrhage, and the

same observer also saw tetany in one case, occurring independently of wash-

ing out the stomach. The subjects of the malady being most frequently

young women, the symptoms of neurasthenia or of hysteria are not

unlikely to coexist. The urine may show some abnormalities due to the

altered gastric state ; the hypersecretion of hydrochloric acid may consider-

ably reduce the acidity of the renal excretion, in which also the chlorides

may be diminished and the phosphates increased. Both albuminuria and

albumosuria may occur, and glycosuria is not unknown; indican and

ethereal sulphates bear witness when in excess to unhealthy bacterial fer-

mentations in the intestines. Amenorrhoea is a very constant occurrence

in the chlorotic young women.
Course and Termination.—Within the limits of the foregoing account

almost every case of gastric ulcer would find a place ; it is in proceeding to

consider the course and termination of the disease that marked differences

of type are disclosed.
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(a) Recovery.—By far the greater number of cases of what is a far from

uncommon affection get well, and this is pre-eminently so when the subjects

are chlorotic young women, who form the greater proportion. Coming on

in a patient profoundly anaemic, and with a vitality and capability much
impaired therefrom, or supervening suddenly in a girl who is only just able

to drag through her day's work, she is in a very short time reduced to an
alarming state of prostration from loss of blood, which, as said, may recur

on two or three days. Yet with care recovery almost always follows, though

the patient is left more anaemic than before, but with no specially marked
gastric symptoms either of pain or vomiting. In a few months or a year

these indications set in again, and another haemorrhage takes place, again to

be followed by recovery, and this may be again repeated, or the first outburst

may be the only one. It is important to notice that a very large number
of young women, especially of the servant class, are admitted to hospital

suffering from repeated attacks of great pain and vomiting and all the

recognised symptoms of gastric ulcer, except that there is no haemorrhage,

and it is customary to include at least the severest of them as gastric ulcer,

thus helping to swell the preponderance of the disease in females. Some
observers, however, hesitate to diagnose ulcer unless there be a loss of blood,

and have been satisfied to designate such cases as gastrodynia. The special

feature here insisted on is that the greater number, whether there be

bleeding or not, recover, and many ultimately become perfectly healthy

women as the chlorosis disappears. The recently introduced practice of

treating gastric haemorrhage by opening the stomach and ligaturing the

bleeding vessel has given the opportunity for the exploration of the viscus

after haematemesis, and in a certain number of such cases no ulcer has been

found, and nothing more than a minute erosion of the mucosa. This fact

has shown that a definite ulcer such as previously described is by no means
necessary for the production of the intense pain, vomiting, and haemorrhage,

and it also suggests that it is not the actual lesion itself, but rather perhaps

some general sensitiveness of the gastric mucosa, which may or may not be

associated with bleeding according as the erosions happen to involve a vessel

of any size, that accounts for the pain and vomiting. This would bring the

bleeding and non- bleeding cases, as they occur in chlorotic girls, be it

understood, within the same category, the haemorrhage being, so to say, an

accidental complication.

(b) Perforation.—Whilst the greater number of cases run an uncom-
plicated course towards ultimate recovery, a certain proportion terminate in

this serious and usually fatal event. No indications exist that foreshadow

such a result, and the clinical course of the case up to the occurrence of

perforation may be in nowise different from those which recover. Post-

mortem, however, as might be expected, a very definite ulcer extending

through the several coats is discovered, presenting all the anatomical

characters previously described. Inasmuch, however, as the " peptic " or

" perforating " ulcer, there is reason to suppose, starts from a simple erosion,

the difference in the clinical as in the anatomical characters of these cases is

only one of degree. As with haemorrhage, so with perforation, it may be the

first symptom that calls attention to the condition, and from a state of appar-

ently sound health the individual rapidly passes into one of extreme danger.

Such cases as these, in which these grave symptoms suddenly appear without

previous discomfort sufficient to warrant complaint, have been termed
" latent," a designation, it may be observed, which is still more applicable to

those ulcers found after death, whose presence has been quite unsuspected

during life, and have given rise to no recognisable symptoms whatever.
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The actual proportion of cases of ulcer of the stomach which end in

perforation is hard to determine, owing to the doubt as to what is exactly

included under this name; probably it does not exceed 10 or 12 per cent.

A curious difference has been noticed as regards the age at which this

complication occurs in the two sexes, the average in women being between

25 and 30, and in men between 40 and 45.

The symptoms indicative of this accident are indistinguishable from
those attending perforation into the peritoneum of the hollow viscera

generally. There is commonly an attack of acute and agonising pain, not
necessarily felt at the epigastrium, quite as often at the umbilicus or even
diffused over the abdomen, the patient rapidly falls into a state of collapse,

the temperature falls, the surface and extremities are cold and bathed in a
clammy sweat, the heart's action is greatly reduced in force, and the radial

pulse may not be felt, or is quick, small, and thready, the breathing is shallow

and hurried, and consciousness remains. Unless death take place, peri-

tonitis begins to be manifested within twenty-four hours, and to this the

fatal end may be due, unless operative interference should have been
successful.

When perforations have occurred on the posterior surface of the organ,

and more particularly if there have been any adhesions previously set up by
the extending ulcer, death is avoided, and an abscess of a short but more
commonly of some considerable duration is formed in the post-peritoneal

connective tissue—sub-phrenic abscess—though this is said to more usually

follow a duodenal than a gastric lesion.

(c) Cicatrisation.—The healing of a gastric ulcer is known rather by
post-mortem observation than by any special manifestations during life,

and this is particularly so since, though the lesion be healed, many of the

symptoms are by no means necessarily removed. Pain after food may
continue, whether from the scar being irritable or from the interference to

the peristalsis offered by the interposition in the muscular coat of a band of

fibrous tissue, or it may be from adhesions which have been developed

externally to adjacent parts. The vomiting may also continue, and this

with the pain may maintain the general ill-health of the patient. Very
many cases, however, do recover completely, and in such it is allowable to

assume a satisfactory cicatrix has been formed.

The subsequent contraction of the scar is very liable to set up a fresh

set of difficulties. If it have been in the neighbourhood of the pylorus,

stenosis of the orifice, even to an extreme degree, may ensue, and lead to very
considerable dilatation ; or should the ulcer have been situated on the lesser

curvature and extend over both surfaces of the stomach, an "hour-glass

contraction " is very likely to be the result.

(d) Chronic Progressive Ulceration.—Some cases which have at the

outset conformed to the general character and course of gastric ulcer, instead

of recovering or of ending in perforation or cicatrisation, continue to exhibit

symptoms more or less continuously, or perhaps only at intervals over many
years. Here again it is in great measure what is found post-mortem that

enables us to assign the case to its proper group. There is found after

death an ulcer perhaps of considerable size—several inches in diameter

—

that has completely extended through the walls of the stomach, the base

being formed by the pancreas, liver, or other adjacent structures. At the

same time, it must be admitted that such a lesion has been met with that

has given rise to little or no symptoms during life, and has run an entirely
" latent " course. It would seem very probable that such a condition is due
to firm adhesions having been developed in the progress of the ulceration,
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thus averting what would otherwise have been a perforation into the peri-

toneal cavity, and that these same adhesions have at the same time prevented

cicatrisation, with the result that the ulcer has slowly extended, finally to

terminate by perforation or by erosion of a large vessel and fatal haemor-

rhage. When this state of things has existed in the pyloric region, the

chronic inflammatory process, giving rise to a considerable formation of

fibrous tissue, comes to form a tumour which may require very careful

consideration to distinguish from a malignant growth.

Diagnosis.—The recognition of the existence of ulcer of the stomach is

under usual conditions easy. Special attention should be directed to the

definitely localised character of the pain and tenderness, the relation of the

pain to the taking of food and its relief by vomiting, to the occurrence of

hsematemesis, the presence in the vomit of an excess of hydrochloric acid,

together with the age and sex of the individual, bearing in mind that

exceptions to the general rule may be met with in respect to each of those

conditions. According to the view taken as to how far simple erosions

which, it has been demonstrated, may give rise to all the cardinal symptoms
of ulcer, are to be included within the term ulcer, so will be the diagnosis

of many milder cases in which perhaps the hemorrhage is quite absent.

To some of these cases the name gastralgia is possibly more applicable,

especially since some of the pain and vomiting even with definite ulcer are

probably due to a hypersesthetic state of the gastric mucosa. If the pain

be relieved by food the condition is most likely to be one of hyperchlorydria.

Much reliance may be placed on the strictly localised character of the

pain and tenderness, for though this is not invariable it scarcely if ever

characterises the pain of other gastric affections or of lesions of neighbouring

parts. It is specially serviceable in helping to distinguish ulcer from cancer

of the stomach, together with due consideration for the age of the patient,

the excess of hydrochloric acid in the stomach contents in ulcer, and that

the blood brought up is oftener " coffee-ground " than bright in character

in cancer, and is seen late in the disease and not at the outset. But these

features are less distinctive when the ulcer is one of long duration in a

person over middle life, and the diagnosis becomes exceedingly difficult

when an epigastric tumour is to be felt, such as a dense inflammatory

thickening might give rise to. This is the more important as much benefit

may result from operation in the one case, and harm rather than good in

the other. It is needful to consider the whole bearings of any particular

case, especially its duration, the mode of onset, the development of a

cachexia or otherwise, as well as the special points of difference to which
attention has been directed.

The differentiation of gastric from duodenal ulcer will be more con-

veniently referred to under the description of the latter condition.

Prognosis.—The uncertainty of the course and termination in any case

presenting the symptoms of gastric ulcer will be apparent from the fore-

going account. The greater number recover completely, although there

may be recurrence before good health is fully established ; very many exhibit

symptoms more or less severe for many years, and finally succumb to one

or other of the complications which may be associated with the ulcer or

even follow on its healing ; and lastly, a minority die within a short time,

days or weeks, from the recognised onset of the disease. Statistics of these

several groups are very various, and afford but little help in forecasting

the probable course of any particular case. It has been estimated that

5 per cent of the entire population suffer from ulcer of the stomach, and

that in 80 per cent of these haemorrhage occurs, about 7 per cent of which
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are fatal, and in nearly 3 per cent death is due to perforation. But too

much importance must not be attached to these figures. Of the proportion

of recovered cases, and of those which remain chronic invalids, statistics are

wanting. The most definite assertion that can be made is that the severest

case of haemorrhage may recover, and the apparently mildest case may be

rapidly fatal from perforation, though surgery is doing much to reduce the

risks of both these accidents. The deteriorated health induced by the

malady may favour the invasion of tuberculosis.

Duodenal Ulcer

Although of commoner occurrence than is usually supposed, this affection

is less frequent than ulcer of the stomach, which it closely resembles in its

clinical features, as it also corresponds in anatomical characters and patho-

geny. Mention has been made of the singular difference in respect to age

and sex incidence; and the disease is far less frequently associated with

chlorosis than the stomach affection.

Symptoms.—As with gastric ulcer, not a few cases exhibit no symptoms

until the occurrence of a fatal haemorrhage, or more often perforation, which

is followed by death within twenty -four or forty -eight hours; and the

frequency of these "latent" cases is further demonstrated by the not

uncommon occurrence of cicatrices in the duodenum found post-mortem,

with no history of any symptoms pointing to the existence of an ulcer

during life. Sometimes, no doubt, such cases have exhibited vague and

indefinite dyspeptic trouble, pain, discomfort, a sense of fulness, impaired

appetite, etc., which have been attributed to a mild, subacute, or chronic

gastritis (dyspepsia), and have been paid but little attention to, and in the

absence of more definite indications it could not well have been otherwise.

When, however, symptoms are well markedf they follow, as said, those

manifested by a gastric ulcer, with such differences as serve as grounds,

often far from certain, for a differential diagnosis.

Pain which exhibits all varieties of character and severity, from a

very moderate dull ache to being severe and agonising, is less constant

in its occurrence than when the stomach is affected, and as a rule is

experienced one to three hours after food is taken. It is seldom very

definitely localised in situation, and is felt more generally over the right

hypochondrium rather than in the epigastrium, extending into the right

loin, and is certainly less often referred to the back, though it may be felt

in the right shoulder. Pressure over the painful region may increase the

discomfort, or the reverse. Vomiting is much less frequent than in gastric

ulcer, nor does it afford any special relief to the pain, and like that symptom
occurs several hours after food. It may be altogether absent, or only occur

once or twice in the course of the malady, hence its diagnostic value is of

much less importance. The vomit may contain traces of altered blood,

possibly also of bile, and there is said to be no such constant excess of

hydrochloric acid as is met with in the stomach affection.

Haeniatemesis also occurs much less often, and only when a very con-

siderable haemorrhage takes place. Melaena, on the contrary, is more

frequent, and takes the place, as it were, of hsematemesis, which it often

precedes over some period.

The general malnutrition which such a disturbance of the digestive

process engenders is shown by the wasting and muscular weakness, as also

by the state of the blood, which in this as in gastric ulcer comes to resemble

that characteristic of pernicious anaemia, and is still more marked in cancer
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of the stomach, a circumstance which lends support to the view that the

essential cause of this grave blood disease is some autogenetic toxin

developed in the gastro-intestinal tract. The bowels are apt to be confined,

or this state may alternate with diarrhoea. An associated catarrh of the

duodenum may determine a moderate jaundice.

Prognosis.—Death may be due to haemorrhage, but oftener to perforation,

and occasionally from progressive malnutrition. A fair number of cases, in

whom there is reason to suspect the existence of this malady, may go on

for some years, with exacerbations at ^intervals, which may be of long

duration, and it is not unusual to meet with patients who give an account

of what strongly suggests duodenal ulcer many years previously, during

which there has been almost complete relief with subsequent recurrence.

Cicatrisation of the ulcer may lead to stenosis of the bowel, with all the

troubles dependent thereon ; or the orifices of the bile and pancreatic ducts

may be involved in the scar, with the production of persistent and severe

jaundice, and great emaciation, with fatty stools, etc ; or perforation instead

of being immediately fatal, as it most usually is, may give rise to a sub-

phrenic abscess or establish a fistulous communication with the colon or

gall-bladder. As in the stomach, the scar has been known to be the seat

of subsequent cancer.

Diagnosis.—The data for distinguishing between a gastric and a duodenal

ulcer have been sufficiently set forth in the account of the symptoms which

the latter exhibits, bearing in mind the age and sex differences of their

occurrence in age, as well as the greater frequency of a pre-existing chlorosis

in the stomach lesion, and of an extensive skin burn in the duodenal. But

the diagnosis is not so easy as might appear from a description that aims at

giving a generally complete account of these diseases rather than contrasting

individual cases, and when the duodenal ulcer is close to the pylorus dis-

tinction may be impossible. An absence of symptoms of gastric dyspepsia

is said to be noteworthy in duodenal ulceration, but this is not to be dis-

tinguished with anything like certainty, since the bowel lesion does in

varying degree interfere with the stomach functions.

With somewhat more reason than gastric ulcer the symptoms of the

duodenal lesion might be mistaken for gall-stone colic. The pain is felt

much in the same situation, and may be referred to the right shoulder,

though in the latter affection it is more paroxysmal, and there is more

likelihood of vomiting, and jaundice is only occasional. A rise of tempera-

ture and perhaps a rigor and sweating are in favour of gall-stones.

Acute pancreatitis is a rare condition, which may resemble duodenal

ulcer in some of its symptoms, and lead colic may be mistaken for it.

Treatment.—This should aim at healing the ulcer, and at the same time

relieving the symptoms to which it gives rise or that are connected with

such conditions as may be present, viz. chronic catarrh of the stomach,

hyperchlorydria, and chlorosis. To a great extent these several indications

are met by similar lines of procedure.

When once the lesion has been diagnosed, whether subsequent to a

hsematemesis or not, and even when only reasonable probability exists for

its occurrence, complete rest in bed should be insisted on, and should be

maintained until well after all symptoms have ceased. By this means the

risks attendant upon the malady are diminished, and the chances of complete

healing and avoidance of a chronic intractable ulcer being established are

increased.

Opinions differ as to the value of remedies that may be supposed to

promote the healing by their direct effect upon the wound, such as nitrate
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of silver or subcarbonate of bismuth. By some, one or other of these sub-

stances is given regularly over some weeks, whilst others discard them as

useless for the purpose assigned. The writer thinks benefit in this direction

does follow a pill consisting of argenti nitratis gr. ± to \, sodii carbonatis

exsic. gr. iij., kaolin q.s., given two or three times daily.

The principle of rest should be still further applied by complete abstin-

ence from food of all kinds, and feeding by nutritive enemata or supposi-

tories. This is strictly to be followed if haemorrhage has occurred. Thirst

should be relieved by a teaspoonful of tepid water now and then and warm
water enemata. It is very doubtful whether sucking lumps of ice, so often

recommended, does not really favour the bleeding ; and the stomach is apt

to be burdened by a larger quantity of fluid in this way than is generally

supposed. For how long rectal feeding should be continued depends on the

ability of the patient to retain the injections and on the general condition,

and also on the view of the case taken by the physician. Eegularly wash-

ing out the rectum previous to the nutritive enema, and the addition thereto

of a small quantity of opium, will allay the irritability of the bowel and

permit a longer continuance of the treatment, which may in favourable cases

be pursued for several weeks, though the patient loses weight very con-

siderably, and this fact should enter into the considerations limiting its

duration. But there is another aspect of rectal feeding which is of con-

siderable importance, especially since it is a method of alimentation that

should not be entered on, or at least maintained beyond a few days, except

from necessity. Observation has shown that very many cases of chlorotic

girls exhibiting all the symptoms of gastric ulcer, and many others in whom
haemorrhage is alone wanting, do very well on a fairly good diet of solid

food, including meat, almost from the first manifestation of symptoms, and

much sooner regain their health than those who are kept on nutritive

enemata and suppositories for weeks. It has also been proved at operation

that some of them are the subjects of a minute ulcer or erosion, and it is

probable that a very large number are suffering from a similar lesion. For

such patients a full diet might reasonably be supposed to be innocuous,

whilst the presence of a large ulcer that has penetrated through the mucosa

to the muscular layer or even deeper might on equally good grounds be

regarded as distinctly prohibitive. With the identity of symptoms in the

two groups of cases the difficulty is to decide to which any individual one

can be referred ; the probability on the ground of frequency alone in favour

of the former class being scarcely sufficient to define the regimen to be

ordered. Intermediate, as it were, between these extremes of dietetic

method may be mentioned a purely milk diet, very small quantities being

given at frequent regular intervals, the amount being increased as improve-

ment takes place. The milk may be peptonised, or mixed with lime-water or

with effervescing water—soda, Apollinaris, etc.—or with a small quantity of

farinaceous food, all designed to cause a looser coagulation of the casein.

Others prefer to give three or four meals a day of beef powder or some finely

divided dry proteid mixed with magnesia or prepared chalk, and others

depend on frequent teaspoonful doses of strong meat essences. Each of

these methods the writer has seen attended with success, and on the whole

it may be said that the general opinion is inclining rather to oral feeding,

at least after two or three days' abstinence or rectal injections. As the

case improves a more varied dietary may be gradually introduced.

Of the special manifestations, pain more particularly calls for treatment,

and for this purpose the various gastric sedatives may be tried. But since

this symptom, as well as nausea and other sensory discomforts, are closely
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associated with the excessive acid secretion in the stomach, the correction

of this condition goes far to allay the discomfort. For this purpose the

bicarbonates of soda or potash (gr. xxx.) are most effective, and may con-

veniently be given with subcarbonate of bismuth (gr. xx.) and oxalate of

cerium (gr. x.). Or, acid, hydrocyan. dil. TT^iij., liq. bismuthi et ammonii
citratis n\xxx., sp. chloroform. i\v., aq. ad. 3ij., the writer has found most

efficacious, and to this, if need be, three or four drops of liq. morphinse acetatis

may be added. As a rule, however, unless the pain be very severe, or unless

there be haemorrhage, it is well to avoid opium and morphia. In the case

of bleeding, their value is great in calming the patient, and in consequence

favouring its arrest. Atropin (gr. y^) may be given with a view to

arrest the secretion of the hydrochloric acid, being repeated every four or

five hours according as it is tolerated.

Constipation, which, as a rule, is extremely obstinate, must be overcome

by enemata and laxatives such as cascara, or, what is perhaps generally

preferable, Carlsbad salts. The vomiting is best treated by the measures

just mentioned for the relief of pain, which may be supplemented by a

sinapism applied over the stomach. If the haemorrhage be very excessive,

transfusion of normal saline solution should be at once resorted to, as this

diminishes the risk of syncope and prevents the distressing thirst which is

so likely to follow. Haemostatics, so called, by the mouth are useless, but the

subcutaneous injection of ergotinin, repeated every few hours for several

doses, may be employed.

The subsequent anaemia supervening, as is generally the case in a state

of chlorosis, requires iron, meat, sunlight, and the ordinary management
pursued in this condition.

In all cases of healed gastric ulcer, except when the erosion is minute,

there are the risks attendant upon the contraction of the cicatrix. These

it is practically impossible to avert.

For the surgical treatment of gastric ulcer, see special article, p. 442.

Special Symptomatology and Treatment of Cancer of the Stomach

The onset of the symptoms characteristic of this disease is, like that of

chronic gastric affections generally, insidious, and their exact commence-
ment can rarely be indicated. In the cases occurring in early life the

observations of Drs. Osier and M'Crae go to show a more abrupt commence-
ment and more rapid course. In a small proportion of cases there is a

history of dyspepsia for many years, and sometimes of very definite gastric

ulcer, but far more frequently the patient gives no such account of his

previous health.

The symptoms are those of a progressive indigestion, exhibiting much
variation in the degree to which they are severally present, and it is from a

combination of signs and symptoms rather than from any absolutely patho-

gnomonic phenomenon that the diagnosis is inferred. In an appreciable

number of cases the symptoms throughout, or until almost the end, are so

slight that the real nature of the affection is unrecognised.

Among the earliest evidences of gastric mischief is loss of appetite, which

is frequently extreme, now and then exhibiting perhaps a transient improve-

ment. It is usual for this anorexia to have existed for some time before

the patient comes under observation, which event commonly follows the

onset of some more serious symptom. Cases, however, do occur in which

no impairment of appetite has been complained of. The distaste for food

may amount to actual nausea, especially at the sight of meals. Gaseous
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eructations, chiefly of CO2 derived from the fermentations taking place

in the stomach, are sometimes most troublesome, and to the same cause is

due flatulent distension of the stomach.

Vomiting is one of the most constant signs, being rarely absent when
the pylorus is the site of the growth, being less frequent when the cardiac

end of the organ is involved, and may be entirely absent when the whole

viscus is infiltrated with a scirrhous formation. The relation of its occurrence

to the ingestion of food is variable, often not until an hour or two after-

wards, or may be at once when the mucous membrane is very irritable.

Whilst generally persistent throughout the course of the malady, it is

nevertheless subject to variation in severity ; and in the last stages, when
there is much dilatation, it may almost entirely cease.

The vomit contains the remains of very partially digested food, some of

which may have been swallowed days or even weeks previously, and with

more or less blood, dependent on the extent of the ulceration of the growth.

The blood is usually altered in character, and of " coffee ground " appear-

ance ; but an extensive haematemesis of bright blood may occur, though far

less frequently than is the case with gastric ulcer. On the other hand, the

amount may be so small as to require the microscope for its detection.

Should the growth be sloughing, then portions may be recognised in the

vomit, which is also likely to contain sarcina, torula, and other organisms

associated with delayed gastric digestion, and lactic acid and other fermenta-

tions. The odour of the vomit is occasionally most offensive, even where
communication with the colon has not been established.

A valuable character of the contents of the stomach is to be found in

connection with the hydrochloric acid of the gastric juice. The method of

examination has been described (see article " Digestion and Metabolism,"
vol. ii.), and it has been observed in a very considerable number of

cases that this acid is absent in cases of carcinoma of the stomach. So

frequent is this that it becomes a sign of diagnostic value, inasmuch as no
such constant absence occurs in gastric ulcer, with which cancer may be

confused. Whilst repeated absence is strong evidence in favour of cancer, it

cannot be said that the presence of the acid in the material withdrawn from

the stomach under proper precautions excludes the existence of this disease.

In the absence of hydrochloric acid, lactic acid is commonly found, but

sometimes both are wanting.

Even more constant than vomiting is pain, although cases have not

been unknown in which it has been, if not quite wanting, at least very

slight ; as a rule, it is severe and constant, of a dull, gnawing character,

diffused generally over the gastric region, sometimes increased after food is

taken, and very occasionally eased by the same, and seldom much relieved

by vomiting. Some tenderness, perhaps extreme, is elicited on pressure

over the epigastrium or gastric area generally, but there is seldom any
specially localised point. Eeferred pains and tender points over the regions

of the trunk and head are complained of ; but " cutaneous tenderness is of

less value in gastric carcinoma than in other diseases of the stomach,

for cases of malignant disease are complicated by the presence of tender

areas due to secondary deposits in other organs ; moreover, in long-standing

and exhausting diseases, pains often radiate far beyond the areas usually

associated with the affected organ " (Dr. Hale White).

When the cardiac orifice is involved, the symptoms are those of oeso-

phageal obstruction; there is dysphagia, and such food as is swallowed

accumulates in great part in the gullet, whence it is regurgitated unaltered

so far as gastric digestion is concerned.
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The bowels are variable, though generally constipated, and the motions

may from time to time be black from sulphide of iron derived from blood.

Indican is a very frequent constituent of the urine ; otherwise no abnor-

mality is met with with any constancy, the diminished urea elimination

being common to many wasting diseases with a small intake of food.

Albuminuria and glycosuria may be present intermittently, and complete

suppression may follow a copious vomiting ; when also the gastric secretion

is very considerable, the chlorides may temporarily disappear from the

urine. An excess of creatinine has been noted. The tongue may be pale

and moist, or furred, or dry and brown with red denuded edges.

The recognition of a gastric tumour is most uncertain. In many
cases none is to be made out, though post-mortem examination may
reveal one of considerable size. When situated at the cardiac orifice

it is quite beyond detection, except by the passage of a stomach tube, and

the same is sometimes the case with pyloric growths which may lie high

up under the liver and margin of the thorax. Probably, on the whole, the

mass is best to be felt when the stomach is empty. Tight lacing, by depres-

sing the viscera, may make the tumour easier of detection. The situation

of the pylorus, or of any growth connected with it, is liable to be displaced

if there be much dilatation- of the organ, and especially if there be any

proptosis ; but, when palpable, a pyloric tumour is oftenest to be seen and

felt in the epigastric or umbilical regions, rather more to the right of the

median line, and much less frequently in one or other hypochondrium.

A very imperfect notion of the real extent of the mass is obtained by

manipulation when it is palpable owing to its connection with surrounding

parts ; it usually feels hard, and often nodular, giving a subtympanitic or dull

note on percussion. As regards its mobility and the range of its movement

with respiration the widest difference prevails, being quite fixed or fully

movable, and shifting up and down with the movements of the diaphragm,

or only perceptible on the deepest inspiration, or not even then. In those

rarer cases where the entire stomach is implicated and the organ is much
reduced in size with great thickening of the walls, or where the anterior

wall is only or chiefly the seat of the growth, the tumour may be easily felt

in the left hypochondrium, when it has been mistaken for an enlarged

spleen, and with the characteristic alteration in the blood has led to a

diagnosis of splenic leukaemia. The absence of any extension of the dulness

upwards should serve to distinguish. The necessity for emptying the colon

of scybala previous to examination is most important.

The physical signs of a dilated stomach usually coexist with those due

to the tumour, and may indeed be the more prominent.

The small amount of food taken, the serious interference with the

digestion of that which is retained, and perhaps also the prejudicial effects

of the metabolic products of the growth itself combine to produce a great

impairment of nutrition, which is intensified by the more or less constant

loss of blood and the distressing pain. Hence a progressive emaciation,

which commences quite early in the illness, and great muscular weakness

are characteristic of the disease. Few conditions lead to so extreme a

wasting, should the patient live long enough. A profound a.nsemia is soon

established and contributes to the intense debility, and explains the oedema

of the feet and ankles usually met with, and also the thrombosis of the

veins of the limbs occasionally seen. In advanced cases, especially those of

the medullary form with frequent hsemorrhage, the characters of the blood

resemble those of the pernicious type of anajmia, though the diminution in

number of red corpuscles is seldom, if ever, so great ; an apparent excess



STOMACH AND DUODENUM, DISEASES OF 431

of red corpuscles has been seen when the fluid of the blood has been drained

by excessive vomiting or hypersecretion in the stomach ; some leucocytosis is

to be observed, but nothing distinctive in the presence or absence of any
particular form of white cell, although megaloblasts are wanting. In
patients carefully observed and kept under uniform conditions a rise of

temperature to 101° or rather higher is generally to be noticed. The cause

of this is not satisfactorily known, but is generally ascribed to some toxin

formed by the growth or produced in the course of the associated gastritis

or local peritonitis. Shivering, with a rise of temperature to 104°, happens
in a few cases. The general condition of ill health as represented by these

symptoms constitutes what is known as the malignant cachexia, the patient

presenting a more or less charactersitic appearance, of which the pallid r

yellowish integuments is one of the most striking features. Patches of

brown pigmentation on the face and extremities are also frequently observed.

The course of the disease is invariably towards a fatal termination

,

usually within a year from the time that the symptoms are declared, and
not seldom within three or four months when occurring in the young.

The scirrhous forms are somewhat slower in progress, and death may not

•take place for two years, or even rather more, whilst surgical interference

claims in suitable cases still further to prolong life. Transient periods of

slight apparent improvement, and even a slight gain in weight, after

coming under treatment, are not infrequent. The patient usually succumbs
to asthenia, hastened perhaps by a severe haemorrhage ; but a perforative

peritonitis, or even pneumothorax from extension into the pleural cavity,,

may be the termination. Within a few days or hours of death a persistent

hiccough is apt to set in, and the patient lapses into a lethargic state

which deepens into coma and may be marked by a mild delirium ; unable

to take any nourishment beyond an occasional teaspoonful of liquid, and too-

feeble to vomit, life gradually slips away.

The progress of the case may be complicated by perforation of the

growth into the peritoneal or pleural cavities, or into some part of the

intestinal canal, most frequently the transverse colon, when the vomit
becomes fsecal and a diarrhoea is likely to be set up. The pressure of the

growth itself or of secondary nodules in the liver or lymphatic glands upon
the portal vein and common bile duct may lead to ascites and jaundice

;

and its extension to the liver and even the head of the pancreas, or the

occurrence of secondary deposits in the liver or lungs, will give rise to

special symptoms. The obstruction, both structural and functional, at the

pyloric orifice tends to induce some gastroectasis ; and this will be greater in

scirrhous stricture, though seldom so great as is caused by a non-malignant

constriction. A rare complication is an umbilical fistula from adhesion of

the growth to the abdominal wall. This lesion is much more frequent in

tuberculous peritonitis or malignant disease of the omentum. The occur-

rence of nodules around the navel has been already referred to.

Diagnosis.—In a large number of cases the diagnosis, certainly at first,

is conjectural, in the absence, that is, of an epigastric tumour being de-

tected. In a person over middle life in whom dyspeptic symptoms such as

anorexia, nausea, constipation, with discomfort at the pit of the stomach,

and a growing weakness and anaemia, are developing, the suspicion of

gastric cancer should arise ; and the significance of such symptoms would
be greater if the patient have previously eDJoyed good health. Should there

be actual pain and vomiting, the diagnosis will be still more probable, and
the presence of blood with the absence of hydrochloric acid in the vomit

will make it all but certain, the recognition of an epigastric tumour
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affording conclusive evidence. In the absence of the last, it is an accumu-

lation of the symptoms that must furnish the grounds for diagnosis, rather

than any one, which may occur in other morbid states. Enlarged supra-

clavicular glands and nodules around the umbilicus are strongly suggestive.

The conditions from which cancer of the stomach have more particularly

to be differentiated are gastric ulcer, non- malignant pyloric growth or

stricture, and pernicious anaemia.

As a rule, the pain of ulcer is more localised, more severe, directly

follows the taking of food, and is relieved by vomiting, although exceptions

occur to each of these statements. In cancer the pain is diffuse, more

constant, and is less influenced by the ingestion of food or its ejection.

The emaciation in the former condition is also far less marked, and gastric

ulcer may even coexist with a very fair bodily condition. The presence or

absence of hydrochloric acid from the stomach contents is generally reliable

to discriminate between these two conditions, though this may not be so in

the early stage of cancer, when the other symptoms are also uncertain. The

age of the patient is an important element, and also the duration of the

symptoms, especially the hasmatemesis ; and it should not be forgotten that

a chronic ulcer may be associated with sufficient inflammatory thickening

to give rise to a very distinct tumour.

In distinguishing between a malignant and non-malignant growth of

the pylorus, attention should be paid to the extent of gastric dilatation, to

the degree of wasting, the chemical character of the vomit, and the presence

of cachexia. Important as the diagnosis in this case is with a view to

operative treatment, it is often most difficult, and it is on the observer's

unformulated experience that the final judgment often comes to be based.

The general similarity of the characters of the blood to those of

pernicious anaemia renders the diagnosis of this malady almost excusable in

those cases where the gastric symptoms, such as vomiting and pain, are in

abeyance. Several cases have been recorded where the mistake has been

made, and with some justification. The degree of leucocytosis in gastric

cancer being but slight, should serve to distinguish from leucocythaemia,

even though the contracted, thickened stomach should simulate a splenic

tumour.
Some cases of chronic gastritis in persons in middle life closely

resemble malignant disease of the stomach, and the not infrequent develop-

ment of cancer in an organ that has been the seat of long-standing

catarrh makes the diagnosis more difficult, especially when no tumour

is to be recognised. A similar difficulty also sometimes occurs in

distinguishing between cancer of the stomach or duodenum and lead

poisoning, remembering also that the two conditions may coexist. In all

these cases, attention should be directed to the previous history and

duration of the malady, the nature and seat of the pain and its relation to

food, the occurrence of vomiting and characters of the vomited material,

the examination of the blood, and the existence of a cachexia.

The signs and symptoms of primary duodenal cancer closely resemble

those of the similar gastric affection, and a differential diagnosis is often

impossible. The situation of the pain and tenderness, and of the epigastric

tumour when palpable, are perhaps rather more distinctly to the right of

the middle line than when the growth is strictly pyloric, but this is not

always reliable. Inasmuch as the obstruction caused by the neoplasm tends

to cause gastroectasis, symptoms indicative of stomach mischief soon occur,

and the character of the vomit comes to have no diagnostic value, expect

that the presence of bile or trypsin therein will show that the growth is
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below the biliary papilla, whilst the general symptoms of the malignant

cachexia are indistinguishable in the lesions of the two organs. Jaundice

from obstruction of the orifice of the bile duct is likely to supervene accord-

ing to the exact situation of the growth.

Treatment.— Although so far. operative procedure can only claim

success in exceptional cases, it gives promise of improved results ; but this

very much depends on earlier recognition of the disease than at present is

usually the case, and an exploratory laparotomy now comparatively free

from risk is to be reckoned as one of the means of ascertainment.

Complete resection of the stomach, and excision of the pylorus, have each

been performed with success and considerable prolongation of life, and even
complete freedom from suffering, but the cases ' have been extremely few.

Somewhat more promising are the records of gastro-enterostomy when the

disease has been confined to the pylorus ; and a gastrostomy affords most
relief and a short extension of life for cancer of the cardiac end. But the

postponement of operation until a definite tumour is to be felt greatly

diminishes the chance of benefit, since by that time extension of the disease

to adjacent structures or secondary deposits is likely to exist. (See Stomach,
Diseases of, from the surgical aspect, p. 448.)

Since no other means of cure are possible, all that remains is to prolong

life as far as possible with the relief of symptoms, and this may be done in

some measure by attention to diet and with the help of drugs. Having
regard to the impaired digestion that takes place in the stomach the seat

of cancer, when the efficiency of the gastric juice is diminished by lack of

acid, and there is probably pyloric obstruction and dilatation of the organ,

and in any case impaired mobility, it is clear that the gastric contents

are very apt to become, from abnormal decompositions, very unhealthy,

and to that extent a source of irritation. Hence washing out the organ

is distinctly indicated, and when this can be regularly performed every

day or every other day it affords the greatest relief to the patient even

from the pain and sickness, and gives the best chance for the

digestion of such food as is taken. The difficulties, however, are often

great in pursuing this course, owing to the insuperable objections of

the individual; for although no doubt lavage causes little or no dis-

comfort when once the habit is acquired, it is distinctly unpleasant in

its first practice to most people, and this especially so when begun on a

patient who is seriously ill with malignant disease of the stomach, and
promises of benefit will often fail to allow a fair trial of the method. If

submitted to, it may be said that not even haemorrhage contra-indicates its

employment. The chief points to observe in respect to the food are that

it should be given in small quantities at intervals of three or four hours : a

little digested and passed on into the intestines is better than larger

amounts which decompose and irritate; the bad appetite will generally

prevent any overloading of the stomach. Considerable latitude may be

given to the patient's own wishes as to what he takes, but it is well to avoid,

as far as possible, fats and much sugar or starch food as well as vegetables,

and the more nitrogenous the diet is the better. Fluid food also should

only be given in small quantity. Minced meat, chicken or fish, and eggs

are all permissible so long as they can be taken. Peptonised foods,

including milk, Benger's food, plasmon, soups, and meat extracts come to

be the nutriment that has to be relied on, and these may have to be

supplemented by nutrient enemata or suppositories. Alcohol in the form

of sherry, whisky, or brandy, or champagne iced, especially if there be

much sickness, may be given in amounts proportioned to the habits of the

vol. xi 28
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patient and his condition. Fruit jellies or the juice of fresh fruits, and
grapes, are often grateful to the sufferer.

The appetite may be improved and the digestion aided by giving full

doses of hydrochloric acid with vegetable bitters, gentian, quassia, chiretta,

or condurango, and pepsin may also be added for the same purpose.

Distinct benefit follows this treatment.

Antiseptics to check fermentations in the stomach are only of moderate

advantage ; creasote, carbolic acid, resorcin, and many others are used, but

salicylic acid is one of the best.

Sooner or later morphia has to be administered by mouth or hypoder-

mically for the relief of the pain, but previous trial should be made of

hydrocyanic acid in an effervescing form with bismuth, which is conveniently

given in the form of liquor bismuthi et ammonise citratis, codeia, or of

potassium iodide with bismuth, which sometimes gives distinct relief.

Aqua chloroformi will sometimes answer the same purpose.

The vomiting, as already said, is best treated by lavage, otherwise the

effervescing hydrocyanic acid and bismuth mixture, with or without a few

drops of liq. morphinee acetatis or of liq. cocain. hydrochlor., or iced champagne

may be tried. It is sometimes well to encourage the vomiting by swallow-

ing a tumblerful of warm water, which washes out the stomach ; but the

efficacy of many of these remedies will depend on whether the organ is

dilated and whether it contains a quantity of ill-digested material.

The constipation, which is often very troublesome, may be met by

laxatives such as cascara sagrada, or by simple enemata or glycerine

suppositories.

Special Symptomatology and Treatment of Dilatation of

the Stomach—Gastroectasis.

The signs and symptoms of this far from uncommon morbid state,

exhibit a considerable variety in degree dependent on the extent to which

the distension of the viscus has taken place, as well as in some measure on

the primary causal condition, the specific manifestations of which will be

complicated by those of the gastroectasis.

Physical Signs.—Some bulging over the dilated organ is generally

perceptible, especially if the patient be at all emaciated. When the dis-

tension is considerable the line of the upper curvature may be seen in

the epigastric region, with a depression just below the ensiform cartilage.

The outline of the greater curvature is not always visible, but sometimes

almost the entire contour of the organ may be apparent. When the

condition is secondary to pyloric obstruction, and there is hypertrophy of

the muscular coat, exaggerated peristaltic movements may be seen spread-

ing downwards over the organ from left to right, and the stomach may at

the same time be felt to harden under the hand applied over it. These

movements occur at frequent and irregular intervals, and may be excited

by gentle irritation of the surface ; they serve to indicate the limits of the

distended viscus, and are most apparent when it contains food or gas.

The lower margin of the dilated stomach may be felt on careful

palpation, unless the parietes be unduly thick, but this is a sign that is on

the whole less certain than are the other results of physical examination.

Far more reliable is the evidence to be obtained by percussion, for by that

means the outline of the stomach may generally be satisfactorily ascertained.

Allowance must be made for the presence of food or liquid in the organ.

The characteristic "stomach note" may be obtainable upwards into the
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axilla as high even as the fourth rib, and in that situation it is at once

detected. The lower limit, however, may be very difficult to distinguish

from the colon, which lies just below, but Sir William Broadbent has

pointed out that the distinction may be made by auscultation, " the cardiac

sounds, especially the second, being heard all over the area of resonance

proper to the stomach, with a characteristic tympanitic consonance,

which is lost the moment the stethoscope passes from the stomach to the

colon."

One of the most distinctive signs of gastroectasis is a splashing sound

audible on disturbance of the stomach contents, as by sudden pressure on

the gastric region, or by shaking the abdomen ; from time to time the

sound is elicited in the course of the peristaltic movements of the organ.

The physical examination of the patient should be made both in the up-

right and recumbent position, and the several facts may be more precisely

ascertained by the passing of an oesophageal bougie, and the position of

the tip recognised by palpation through the abdominal wall ; or the extent

of the distension may be better defined by inflation of the stomach by
gas such as may be liberated by swallowing in successive portions the

constituents of a seidlitz powder suitably dissolved.

Symptoms.—The severity of the symptoms are not always proportionate

to the degree of dilatation as shown by the physical signs. A considerable

distension may exist with but little symptomatic disturbance. It is

convenient to distinguish the manifestations directly referable to the

stomach lesion from those which depend on the perversion of digestion and

consequent malnutrition.

Of the former, vomiting is the most significant and the most constant.

It usually occurs at intervals of twenty-four hours and longer, and fre-

quently at the latter part of the day. The amount brought up is con-

siderable, amounting to several pints, and contains a large proportion of

food taken many hours previously. The material is extremely acid in

reaction, and of sour odour, from the organic acids derived from the decom-

position of the gastric contents; the bulk is largely increased by an

excessive secretion from the glands. Sometimes the vomit is of a brownish

colour, and it may contain altered blood as well as abundant micro-organ-

isms, of which sarcinse and torulse are the most numerous. It may continue

to ferment after being voided if kept in a warm place, and forms a yeasty

scum on the surface. The ejection of the material is commonly very

sudden and forcible, and unaccompanied by retching or much nausea.

Gastric flatulence and gaseous eructations, chiefly of C0
2 ,
derived from

the fermentation process, is another marked symptom. The enormous

formation of gas increases the distension of the organ, and though fluctuat-

ing in its intensity, adds considerably to the distress which its condition

entails.

The extent to which discomfort or pain in the stomach is complained

of varies much ; sometimes they are scarcely existent, and they bear but

little relation to the taking of food. Rather is it that pain is felt before

vomiting occurs, and is relieved by the emptying of the stomach.

Owing to the inadequate passage of food onwards into the intestine,

whether from the vomiting, or the pyloric stenosis, or from both, the

patient tends to deteriorate in general health, and to lose weight from want

of sufficient nourishment, however much may be actually swallowed. For

the same reason constipation is complained of, there not being enough bulk

of material to excite intestinal peristalsis. The excessive drain on the

blood by the hypersecretion determines a thirst, the relief of which only
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adds to the distension of the stomach. The urine is generally scanty and

concentrated, and contains an abundance of ethereal sulphates derived from

intestinal decomposition. Vomiting of large quantities of fluid may be

followed for some hours by anuria. In some cases certain cardiac symptoms,

especially palpitation, irregular action of the heart, and even pain of an

anginous character and breathlessness, are very distressing. They are

mainly due to slight displacement of the heart and interference with

its action by the dilated stomach, and the relief of the distension by

eructations of gas or by vomiting removes the cardiac distress.

The retention of the ingesta in the stomach and the abnormal fermenta-

tion resulting therefrom may reasonably be supposed to lead to the

formation of substances which are irritant and toxic. A catarrh more or

less persistent is established in the mucosa, and the tongue becomes coated

and the breath foul.

Foremost among the symptoms which may be ascribed to the absorption

of toxic substances from the stomach are headache, alterations in mental

state varying from irritability to depression, which may be extreme. With
this goes considerable physical prostration and disinclination for exertion,

both muscular and mental. In the severest cases the torpor and lethargy

deepens into coma, which may be fatal. Cutaneous eruptions of an

erythematous or urticarial character have also been noted in the course of

the malady, presumably toxsemic in origin. And to the same cause is

perhaps to be assigned the vertigo which often occurs. A form of insomnia

which sometimes arises is distinguished by the patient waking regularly

after the first few hours' sleep, and remaining awake the rest of the

night in spite of all ordinary efforts to sleep, and perhaps dropping off into

a heavy slumber from exhaustion when the night's rest should have

terminated. This has been attributed to flatulence, and- if this can be

relieved by rubbing the abdomen, walking about, a draught of a hot car-

minative, etc. sleep can be induced. It cannot be said that this symptom
is in any way peculiar to gastroectasis, although it is distinctly character-

istic of some perversion of gastric digestion, and is very liable to occur in

persons the subject of mental anxiety or strain in whom digestion is

delayed. One of the most interesting symptoms associated with gastro-

ectasis which the recent researches of Drs. Halliburton and M'Kendrick

have gone far to show is toxic in origin, is the so-called " gastric tetany."

It is not of very common occurrence, and is marked by contraction of the

fingers or toes, or both, the spasm sometimes involving the arms and legs,

and more rarely the muscles of the trunk, neck, and face. Alternating

with the tonic seizures may be clonic convulsions, though these are some-

times very slight. The attacks are often preceded by severe pain in the

stomach, and are occasionally accompanied by unconsciousness. Washing
out the stomach or vomiting frequently induces the paroxysm. The co-

existence of transient albuminuria has been occasionally noted, but this is

not to be regarded as indicating the cause of the tetany to be ursemic in

nature, but rather is it the result of the renal epithelium being damaged by

the ehmination of the irritant toxin.

In the rare cases of gastric dilatation of sudden onset, and usually

terminating fatally in a few days without any obvious cause, and appar-

ently of the nature of an acute paralytic distension with enormous hyper-

secretion, the patient quickly passes into a very grave state of collapse.

The physical signs of the condition exist in a marked degree, vomiting and

gastric pain are manifested until the prostration is far advanced, and the

emptying of the stomach is rapidly succeeded by a further copious secretion
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of gastric fluid ; the skin is dry and shrunken, and the urine almost or

quite suppressed.

Intermediate, as it were, between such cases as these and the more
chronic forms just described, are those which complicate acute infective

diseases in which the symptoms for the most part correspond to the

description given, but are more quickly established, and perhaps sooner

recovered from.

Diagnosis.—This should not be difficult, at least so far as the recogni-

tion of the existence of the dilatation. A careful consideration of the
physical signs, of the character of the vomiting, and nature of the vomit,

and. of the remote symptoms, should be sufficient to establish the diagnosis,

though it may not always be easy to exclude extreme dilatation of the

transverse colon. But it is otherwise as regards a diagnosis of the cause of

the condition, and for that other circumstances have to be considered, such
as the history, presence of an epigastric tumour, etc., some assistance being
obtained by remembering that the cases of greatest distension are often due
to non-malignant stenosis of the pylorus, and the cases of non-obstructive

causation give physical evidence of more distension upwards, the stomach
on the whole tending less to fall in the abdomen.

Prognosis.—Eeference has been made to the usual fatality attending the

very acute cases, and those of more chronic character are mainly influenced

in their course and termination by the cause, death being due in malignant
obstruction to other circumstances. Among the symptoms of serious import
tetany is prominent, but even this may be diminished in its gravity by
prompt treatment. Besides being directly responsible for a fatal termina-
tion, gastroectasis is not infrequently the immediate cause of death in

persons the subject of cardiac degeneration, in whom the disturbance of the

heart's action by the dilated stomach is, so to say, the " last straw."

Treatment.—Undoubtedly much may be done for this condition.

Whilst cure is not possible, from the nature of the cause in some cases,

relief is possible for almost all. The question of the treatment of an
existing pyloric stricture is dealt with elsewhere, but for the dilatation

itself, however it has originated, the main indications are to prevent
accumulations in the stomach, and to check fermentation therein.

The vomiting is the natural effort to relieve the first indication, which
is even more efficiently met by emptying the stomach with a tube at

regular intervals, and subsequent washing out of the organ. This should
be done once in the twenty-four hours, preferably in the evening, and the

lavage should be carried out with several pints of water at a temperature of
85° Fahr., in which boric acid (4 drachms to the pint), or sodium bicarbonate
in same proportion, is dissolved. By this means the decomposing food

stuffs are removed and their toxic effects are avoided, and at the same
time the mucous membrane is given a chance of recovery. It is not, of

course, claimed that such a treatment will cure the dilatation consequent
on a permanent pyloric stricture, but it goes far to do so when the under-
lying cause is atony and a chronic catarrh.

Carbolic acid or creasote in one or two minim doses, hyposulphite of

soda, or sulphocarbolate of soda, grs. 5 to 10, made up with carminatives, are

the most effective antifermentatives.

Much benefit in restoring the tone of the stomach may be derived from
supplementing the lavage by abdominal massage with or without applica-

tions of faradic electricity, for five to fifteen minutes, of sufficient strength
of current to cause distinct contractions of the abdominal muscles, one
pole being placed on the stomach, and the other round towards the back.
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The diet and feeding of such cases is of great importance. Sugar and
starch foods, as being liable to ferment in the stomach, should be reduced to

a minimum. Minced freshly cooked meat, peptonised milk, Benger's food,

and plasmon are the most suitable, and should be given in small quantities

at intervals of four hours, preceded with an occasional dose of dilute

hydrochloric acid. All liquids should be given sparingly. Eectal feeding
may be necessary at first to give the stomach as complete a rest as

possible, the lavage meanwhile being continued, and this mode of nourish-

ment is the only one feasible in the cases of acute dilatation. When the
condition is only moderate in degree a diet restricted to lean meat and
hot water may be most beneficial.

When the primary cause is atony of the stomach, strychnine, arsenic,

and iron, with general tonic treatment and good hygienic surroundings, are

indicated.

The surgical treatment of the condition may consist of excision of the
pylorus, and union of the duodenum to stomach (pylorectomy), which is

resorted to in favourable cases of pyloric new growth ; or in non-malignant
stenosis the orifice may be forcibly stretched. The dilated organ has
been frequently reduced in size by making folds on the anterior surface,

from the lesion to the greater curvature (gastroplication). The operation
has been most successful in its results when combined with pyloroplasty.

(See p. 452.)
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Diseases of the Stomach fkom the Surgical Aspect

It is assumed that the reader is familiar with the clinical methods of

examination, both of the stomach and of the gastric contents, whether

vomited or siphoned off through the stomach tube. It must be borne in

mind that the infracostal portion of the stomach varies widely in different

individuals, both as regards its extent and position ; the greater curvature,

for example, not infrequently extends to the level of or even below the

umbilicus without any gastric symptoms, so that too much stress must not

be laid on such variations in estimating the necessity or indications for

surgical interference.

With regard to diagnosis, an exploratory incision may be required to

confirm the diagnosis, to determine the question of operation, and to decide

as to its nature. The occasional performance of an unnecessary exploration,

while a matter for regret, is nothing in comparison with the loss of the

opportune time for interference when it is omitted (Mayo Kobson).

The mortality from exploratory operations should not exceed 5 per cent.

They are most dangerous in the presence of advanced malignant disease.

Unless, therefore, the patient is strong enough to undergo the major inter-

ference for which the exploratory operation is a preliminary, there is no

object in its performance.

Eeference may be made to the occasional experience that the explora-

tion of an inoperable and apparently malignant tumour is followed by its

disappearance, and the complete recovery of the patient. Such tumours

are of inflammatory origin, and probably consist of perigastric adhesions

and of induration around a chronic ulcer.

For mere exploration a small incision—sufficient to admit two fingers

—

is made in the middle line above the umbilicus.

Injuries and Diseases of the Stomach

Subcutaneous injuries usually result from blunt violence applied to the

abdominal wall. Actual rupture of the organ is extremely rare, and is

usually associated with rupture of the liver or spleen, so that the patient

may succumb to shock and internal haemorrhage before the nature of the

injury is recognised. The clinical features are those which attend all

severe abdominal injuries along with pain and tenderness in the epigastrium,

the presence of blood in the vomit, rigidity and retraction of the belly wall,

and diminution or loss of the liver dulness. The symptoms tend to merge
into those of perforation-peritonitis. The diagnosis is usually conjectural

until an exploratory incision is made, and this should be undertaken without

delay, unless contra-indicated by the general condition of the patient.

The usual measures to alleviate shock are indispensable. When the belly

is opened, the escape of gas and presence of gastric contents may confirm

the diagnosis. Having discovered and closed the rupture of the stomach,

the condition of the adjacent viscera should be investigated.

Penetrating Wounds.—These are caused by stabs, bullet wounds, falls on

spikes, and such-like injuries. If the stomach is empty and the wound a

small one, there may be no leakage or haemorrhage, and the wound may
heal. Such has been the experience in recent warfare. In most cases met
with in civil practice, the chances of natural recovery are very small indeed.

The wound in the stomach is usually large enough to allow of the leakage

of gastric contents, even if the stomach is said to be empty, and by involving
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a blood-vessel in the gastric wall or in the vicinity of the stomach, it may
be attended with dangerous haemorrhage into the peritoneal cavity. The
clinical features may at first give little grounds for suspecting the gravity

of the lesion. The character of the wound itself is often misleading ; it

may be small and contracted ; its track may have become valvular from
muscular contraction, or it may be filled with blood-clot. Its situation

may appear to contra-indicate a gastric lesion ; the author operated on a

case where a gouge entered the belly below the navel, and slanting upwards
penetrated the stomach close to the lesser curvature.

There is but little shock, the belly is tender, and the respiratory move-
ments are diminished or absent ; the vomiting of unaltered blood or of

blood blackened by digestion is fairly constant.

The treatment is to enlarge the abdominal wound. If the belly cavity

is penetrated, the wound is further enlarged for purposes of exploration.

The presence of blood or of gastric contents confirms the existence of a

visceral lesion. The leakage of blood or other fluid must be traced to its

source. If the original wound is unfavourably situated, a fresh incision

may be made in the middle line. Bleeding points are seized and ligatured.

The stomach is drawn down into the field of operation, and if there is a

wound in its wall it is closed by a double row of sutures. If the edges are

ragged and bruised they should be pared or inverted. A second wound
should be looked for, especially in cases of pistol-shot injury. The soiled

peritoneum is wiped clean with gauze, and the belly wound is closed, usually

without a drain.

In warfare the routine treatment is to place the patient under the

influence of opium, to feed him exclusively by the bowel, and keep him
under observation in case of complications, such as perigastric abscess.

Injuries of Stomach from Within.—The stomach may be perforated by
objects passed down the gullet, as in the case of " sword-swallowers," or

from the unskilful passage of bougies. Diagnosis is rarely possible without

an exploratory incision.

The Effects of Corrosive Poisons.—Concentrated acids or alkalies corrode

the stomach, so that it may give way either at the time or later by slough-

ing, or the destruction of tissue may subsequently result in cicatricial con-

traction. The corrosion chiefly affects the lesser curvature and pylorus,

hence the cicatrization leads to hour-glass stomach and to pyloric stenosis,

and either of these may be complicated by stricture of the gullet. These
after-effects are treated on the same lines as the corresponding lesions from

other causes. It is essential for success that operative interference be under-

taken before the patient's strength is seriously impaired.

Foreign Bodies in the Stomach.—The most common objects to be

swallowed accidentally are plates of false teeth, and bones of animals. The
range of objects swallowed by performing artists, lunatics, and others

includes knives, forks, nails, coins, etc. Impaction in the pyloric orifice is

rare ; the body either passes the pylorus or remains in the stomach, and it

may do so for long periods without damage. Sharp-pointed objects may
directly perforate into the peritoneal cavity or cause ulceration, perigastric

adhesions, localised abscess, gastric fistula, or perforation-peritonitis. The
clinical features vary widely, but in the main they resemble those of gastric

ulcer and its complications. Large objects may be palpated through the

abdominal wall. Metallic objects are demonstrated by the X-rays.

Treatment.—If the body is likely to pass the pylorus and bowels without

damage, its passage may be rendered safer by a diet in which chopped-up
worsted and milk puddings bulk largely. Daily observations are made with
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the X-rays, and the stools are strained over muslin. Bodies which are likely

to do damage are best removed by gastrotomy.

Hair-balls, which are met with in girls who chew and swallow their own
hair, may form a mass as large as a fist, or form a cast of the entire stomach,
(In Mr. Swain's case the mass weighed 5 lbs. 3 oz.) They cause gastric

pain, indigestion, and emaciation, and a tumour is to be felt in the epigas-

tric region, which is possessed of such mobility that it has been mistaken
for a floating kidney. If the stomach is distended with air, the tumour
may be demonstrated to move about inside the organ. The removal of the
mass by gastrotomy is a successful operation.

The pyloric obstruction of infants is described in the article on " Gastro-
intestinal Disorders of Infancy," vol. iv. It falls to be added, however,
that the results of its surgical treatment are not so disastrous as are there
stated. The pylorus has been stretched in infants of a few weeks old (six-

eight) by Mcoll, Schmidt, Stiles, and others, and a gastro-enterostomy has
been performed at a similar age by Kehr, Fritsche, and others, with
permanent relief of symptoms. The former is probably to be preferred

as being the less trying operation, the stretching being accomplished by
means of bougies and dressing forceps.

Gastric Ulcer

The indications for the surgical treatment of gastric ulcer have been
considerably widened of recent years, for experience has shown that not
only can the complications of ulcer be dealt with successfully, but the
healing and cure of the ulcer itself may be materially influenced.

Operative Treatment of Uncomplicated Ulcer.—In the majority of cases

in which the ulcer has become chronic, it is only capable of being cured by
surgical measures, and it may be our duty to have recourse to these because
of the chronic ill-health resulting from the ulcer, the incapacity for earning
a living, and the risk that the ulcer one day may perforate, or bleed, or
become the starting-point of cancer. The nature of the interference is

influenced by the combination of conditions which so frequently attend on
ulcer—hyperacidity of the gastric contents, spasmodic contraction of the
pylorus, which is often hypertrophied, and motor inefficiency of the stomach
as a whole. Whether these conditions are responsible for the original

formation of the ulcer, or are merely the result of its presence, is as yet
uncertain, but we do know that their presence is inimical to healing, and
that their removal is an essential condition for successful treatment. These
conditions are most readily eliminated by providing a dependent exit for

the gastric contents.

(1) Gastro-enterostomy.—The mortality of this operation has been reduced in
l'ecent years to 5 per cent. The results as recorded by Fantino, Mikulicz, Hart-
mann, and Mayo Robson, and others are as follows :—There is no longer stasis of
the gastric contents, the stomach empties itself in from three to four hours after a
meal. If the organ was previously dilated, it tends to return to its normal size

and position unless prevented by adhesions. Hyperacidity diminishes and finally

disappears. If hydrochloric acid was previously absent or deficient, there is no
change after the operation, because the deficiency depends on permanent atrophy
of the gastric glands. The new outlet of the stomach is usually continent, as may
be proved by distending the organ with air. In the majority of cases, pain,
acidity, eructations, and vomiting disappear, the appetite returns, the bowels act
regularly, there is rapid gain in weight, and the return to health is complete.

Relapse of the ulcer or the formation of a fresh one is not unknown, however

;

von Mikulicz records the occurrence of hsematemesis three years after an apparent
cure by gastro-enterostomy. In chronic ulcer of the duodenum also, gastro-
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enterostomy is indicated if the ulcer continues to cause symptoms after a fair trial

of medical treatment.

(2) Pyloroplasty.—The object of this operation is to afford a free outlet for the
gastric contents where the pylorus is narrowed as a result of spasm, muscular
hypertrophy, or limited cicatricial contraction. In selected cases—where the
pylorus is free from adhesions, and is not extensively scarred—it is an easier and
slightly safer operation than gastroenterostomy, and the functional results are
similar. The stomach is said, however, not to empty itself so nearly within the
normal limits, and if the organ was previously dilated it is more likely to remain
so than after gastro-enterostomy. The relapse of symptoms, which is said to be
more common after pyloroplasty, may be due to its having been performed in

unsuitable cases.

(3) Excision of the Ulcer.—Inasmuch as excision does not get rid of the condi-

tions associated with ulcer, unless combined with gastro-enterostomy or pyloro-

plasty, this operation is only practised when the ulcer is favourably situated, or

there is reason to suspect that it has become the seat of cancer. If the ulcer is

near the pylorus, its excision may form part of the operation of pyloroplasty.

Circular resection of the stomach and pylorectomy are only performed in cases

.of ulcer when it is impossible to exclude the presence of malignant disease.

Complications of Gastric Ulcer

Haemorrhage— Gaslrorrhagia.— In the profuse haemorrhage of sudden
onset the blood is most frequently derived from one of the larger arteries

—

coronary or splenic—exposed in the base of the ulcer, less frequently from

,one of the large venous trunks. In duodenal ulcer the bleeding usually

proceeds from the gastro-duodenal artery. In a certain number of cases of

profuse gastrorrhagia, even the most careful examination after death has

failed to discover any gross vascular lesion. It is usually impossible to

infer the size or nature of the bleeding point from the amount of blood lost

or the rapidity with which it escapes. The situation of the bleeding point

may occasionally be conjectured if the ulcer can be located by the site of

pain, its period of onset after food, the influence of posture, and the direction

in which the pain radiates (Mayo Eobson). With regard to treatment all

are agreed that medical means should have a fair trial. If the haemorrhage

continues in spite of these, or if it recurs, then the question of operative

interference should be discussed in consultation. After a second serious

haemorrhage, operation should be recommended as soon as the condition of

the patient will allow of its being carried out (Mayo Eobson).

The Operation for Gastrorrhagia.—The usual means are taken to alleviate

shock, including the infusion of saline fluid, before, and it may be also

during, the operation. The abdomen is opened in the middle line, the

stomach identified, and its contents emptied by pressure into the duodenum.
The stomach is examined for external signs of ulcer ; failing these, it is laid

freely open by an incision in its long axis. The upper and lower edges of

the wound are widely retracted, and the whole interior examined system-

atically. The posterior wall may be invaginated by means of two fingers

introduced through an opening in the gastro-colic ligament. The duodenum
may be explored with the finger, and may also be invaginated into the

stomach. If no ulcer or bleeding point is discovered, one must fall back on

putting the organ at rest by a gastro-enterostomy. If an ulcer is found the

procedure varies with its accessibility. If it is on the anterior wall or

lesser curvature near the pylorus, it is best to excise it. Only very small

ulcers or bleeding points can be ligatured en masse. If the ulcer is inacces-

sible—on the posterior wall eating into the pancreas, or high up near the

cardia—the bleeding may be arrested by means of the cautery (Mikulicz)

<or by packing with gauze, the end of the gauze being brought out at the
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opening in the stomach, and the edges of the latter joined to the parietes.

In very feeble patients it is hopeless to explore the stomach ; a gastro-

enterostomy should be performed straight away.
In small repeated haemorrhages with progressive anaemia there is no

urgency
;
preparations are made, and a favourable opportunity selected for

gastro-enterostomy, in the expectation that this will bring about the healing
of the ulcer which is the source of the haemorrhage.

Perforation.—This complication of ulcer is generally recognised as

requiring immediate surgical treatment. The sites of perforation are well
known, as are also the conditions under which it occurs, and the clinical

features with which it is associated, so that we shall only draw attention to

certain points which may be a source of difficulty. In about twenty per
cent of cases there is more than one perforation. Although chiefly met with
in anaemic young women, we have met with it in either sex up to the age of

sixty. Perforation may be the first indication of the existence of an ulcer,

the previous symptoms having been so slight as not to attract attention.

The most constant clinical feaudre is the sudden onset and persistence

of severe pain and tenderness. Vomiting is more often absent than present.

The shock is usually severe enough to be of use in diagnosis, but it is

sometimes very slight and passes off quickly, so that when the patient is

first seen the pulse and temperature may be normal. The belly wall is

usually drawn in, hard, and immovable, but we have met with cases in,which
it was quite flaccid and moved with respiration. The escape of gas from
the stomach may cause a fulness in the epigastrium and diminution in the
liver dulness. The presence or absence of liver dulness, however, is of
very little significance. Mere distension of the hepatic flexure of the
colon may cause a marked diminution in the dulness. We must insist on
the fact that in a considerable proportion of cases when the patient is first

seen, his apparent well-being and the absence of complaint and of definite

clinical signs may be most deceptive. While, on the one hand, we have
seen patients absolutely felled, rolling about in agony, and only able to

speak in whispers, we have seen others who were able to walk, to swallow
liquids, and who were quite ignorant that anything serious had taken place.

A minute perforation—and we have seen one no larger than an ordinary
pin—or one occurring in an empty stomach, or in such a position that the
contents are hindered from escaping by contact of the gastric wall with
an opposing surface of peritoneum, or by adhesions, is attended with
features which may leave room for doubt as to whether perforation has
occurred or not. Similarly, where perforation takes place into the lesser

sac, the shock is often evanescent, and the clinical features far from con-
vincing. In both of these types it is quite possible for the patient to

recover, and develop later a perigastric abscess. Finally, there is a clinical

type : a patient who is known to suffer from ulcer, and who is suddenly
seized with pain and collapse, and presents many of the features of
perforation, and yet on exploration the wall of the stomach is found to be
intact. These are probably instances of threatened perforation or concealed
hsemorrhage. We have perhaps said enough to indicate that the diagnosis
of perforation is sometimes one of considerable difficulty. When we are
unable to say with certainty that there is NO perforation, we should not
hesitate to make a small exploratory incision. The differential diagnosis of
perforated ulcer from other critical abdominal lesions, such as ruptured
extra-uterine gestation or appendicitis, is rarely difficult, and is of less

importance, as a laparotomy is called for in any case.

Treatment. When to Operate.—The operation shall be performed as
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soon as the necessary preparations have been completed. The only ex-

ception to this rule is where we believe that the perforation has taken place

into an area walled in by adhesions. There are two reasons for delaying

interference under these conditions : (1) because there is a considerable

chance of spontaneous recovery, and if a perigastric abscess results, it may
be safely opened at a later period; (2) because the ulcer concerned is

usually unfavourably situated for interference, being mostly on the lesser

curvature or posterior wall, and in obtaining access to it adhesions are

opened up and there is risk of infecting the general peritoneal cavity

(von Mikulicz).

The Operation for Perforated Ulcer.—The usual measures are taken to alleviate

shock. The belly-is opened in the middle line. The escape of gas and of turbid

watery fluid confirms the diagnosis of perforation into the general peritoneal

cavity. The parts exposed are injected and smeared with recent lymph. The
peritoneal contents should be soaked up with gauze as the operation proceeds.

We are often guided to the perforation by the gushes of gas and fluid which escape

at each inspiration, or by the decided accumulation of lymph in its vicinity. If

it is not found on the anterior surface of the pyloric segment which is exposed at

the wound, the left lobe of the liver is raised by the assistant and the stomach

pulled down so as to expose the body, fundus, and even the cardiac portion of the

organ. At this stage it may be necessary to obtain better access by a right-

angled cut across the left rectus, and it may be through the costal margin. If

there is no ulcer on the anterior wall or lesser curvature, the posterior aspect

must be explored by tearing an opening in the gastric colic ligament close to the

greater curvature, and introducing two fingers into the lesser sac. No time should

be lost in finding the perforation and proceeding to its closure. This is effected

by means of a purse-string suture, or a series of Lembert sutures which will

completely invaginate the area of the ulcer. If it is impossible to close the

aperture efficiently because of the friability of the gastric wall or inaccessibility

of the ulcer, a portion of omentum may be brought up to cover in the gap, or

adjacent viscera may be stitched over it. The possibility of a second perforation

must be borne in mind. The next procedure is to cleanse the peritoneum. If the

cavity is infected as a whole, a large glass tube is introduced into the pouch

of Douglas by a separate incision above the pubes, and the whole cavity is irrigated

with salt solution at 105° F. The fluid is introduced by means of a funnel and

flexible rubber tube. A large quantity of fluid is required, and the tube is moved
with the fingers so as to reach in succession the parts in the immediate vicinity of

the perforation, the space between the liver and diaphragm on either side of the

suspensory ligament, the space between the stomach and spleen, the right kidney

pouch, the right iliac fossa, the pelvis, the left iliac fossa, and left kidney pouch.

When the fluid returns quite clear, the rubber tube is withdrawn and the wound
closed, a considerable quantity of fluid being left in the abdomen.

_
When the

perforation is a small one and the leakage of gastric contents very limited, it is

sufficient to mop up the fluid and lymph with gauze. The after-treatment is

conducted on general principles. The pelvic drainage-tube is removed in twenty-

four hours. The immediate prognosis chiefly depends on the length of time

between the perforation and the operation, so that after twelve hours there are

more deaths than recoveries. To a less extent it is influenced by the conditions

attending the perforation. If the stomach is distended after a recent meal, if the

perforation is widely patent, and if there is much retching, the escape of gastric

contents is greater, the shock is more severe, and the infection more widely

distributed.

Provided the shock and initial infection of the peritoneum be recovered from,

the patient has still to run the gauntlet of various complications. The author has

observed death on the fourth day from a second perforation, towards the end of the

first week from septictemia, during the second and third weeks from pleuro-

pneumonia, embolism, etc., and as late as six months after the operation from

pyelo-phlebitis and multiple abscesses of the liver.

Perforated Ulcer of Duodenum.—The clinical features closely resemble

those following the perforation of a gastric ulcer. In some cases the pain

is referred to the right hypochondrium. The tenderness and arrested

movement of the belly-wall are most marked along the right side of the
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abdomen, because the escaped fluids gravitate down the right side into the

iliac fossa. In more than one-third of the recorded cases the diagnosis was
made of acute appendicitis. On opening the abdomen, the incision being

made through the right rectus, the peritoneal contents are found to be

markedly stained with bile. There is little or no gas. The signs of

peritoneal infection are most marked down the right side of the belly. To
expose the first part of the duodenum, the liver and right costal margin are

drawn upwards, the stomach and omentum displaced to the left, and the

hepatic flexure of the colon downwards. The ulcer is usually found on the

anterior wall, but may be on one of the lateral surfaces. The closure of the

ulcer and cleansing of the peritoneum are carried out in the same way as in

gastric ulcer. The mortality is even higher than in perforation of the stomach,

only eight of the fifty-one recorded cases having recovered (Moynihan).

Perigastric Abscess.— Perigastric abscess usually results from the per-

foration of an ulcer into an area which is shut off from the peritoneal

cavity. The ulcer is usually of the chronic variety, and the perforation is

preceded by adhesive peritonitis. The situation of the abscess varies with

that of the ulcer giving rise to it. The commonest situation is below, the

left vault of the diaphragm—subphrenic abscess—and is associated with

ulcer high up in the lesser curvature, or anywhere near the cardia. Abscess

in the left hypochondrium projecting below the costal margin is usually

associated with an ulcer in the anterior wall of the body of the stomach.

Abscess in the lesser sac of the peritoneum, or in the substance of the

pancreas or in the retro-peritoneal tissue, may result from an ulcer in the

posterior wall. Subphrenic abscess on the right side may take origin from
an ulcer of the duodenum. Abscess may also form anywhere in the vicinity

of the stomach in cases of perforated ulcer treated by operation and in

which the infective material has not been successfully removed.

Once a perigastric abscess has formed it may burrow and extend in

various directions, may burst into the pleura or lung, or may rupture on the

skin surface—it may be in the anterior abdominal wall or in the loin, and
give rise to a gastric fistula. The abscess, as soon as it is recognised, should

be opened and drained ; it is rarely necessary to interfere with the ulcer

from which it has originated.

Gastric Fistulas.—These usually result from the perforation of an ulcer

with or without the mediation of a circumscribed abscess. External fistulce

open on the skin, which may undergo partial digestion around the orifice.

The patient may emaciate from loss of gastric contents. Small fistulse tend

to close, especially if the patient is fed per rectum ; healing may be hastened

by using the cautery. Larger fistulse require operative treatment. On
opening up the belly, the fistula may lead directly into the stomach or into

an intermediate cavity. The dissection must expose the ulcer, which is then

excised or its edges inverted and sutured. Internal fistulas result from the

perforation of the ulcer into an adjacent viscus, usually the colon ; the

stools contain food-materials and the patient complains of foetid eructations

and of vomiting of scybalous matter. To cure such a condition, the belly is

opened, the viscera connected by the fistula are separated, and the respective

openings closed by sutures.

Apart from ulcer, gastric fistula may result from stab and gunshot

wounds, from operations on the stomach where the sutures have given way,
and from ulceration connected with gall-stones.

Cicatricial Stenosis of the Pylorus and Dilatation of the Stomach.—
These are not uncommon as a result of ulcer in the vicinity of the pylorus.

The clinical features are those of gastric stasis and dilatation with
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cumulative vomiting. Splashing is readily elicited, peristaltic waves may-
be observed passing from left to right, and the greater curvature may be
as low as the umbilicus or even the pubes. Such cases, although much
benefited by washing out the stomach and other measures, can only be
cured by surgical means. The arguments for and against interference must
be discussed in relation to the peculiarities of each individual case.

The operation is, in the first instance, of the nature of an exploration.

The pylorus is investigated. It is desirable in this connection that the

surgeon should be familiar with the physical characters of the normal
pylorus, otherwise he may conclude there is stenosis when this does not
exist. The opening is normally closed by the sphincter muscle, which
gradually yields and allows the passage of the forefinger, inserted by
invaginating the anterior wall of the stomach. If the sphincter does not
yield to the dilating force of the finger, it is certainly stenosed. Con-
firmatory evidence of an antecedent ulcer is usually forthcoming, in the

shape of puckering of the serous coat or cicatricial induration or adhesions.

In order to relieve the patient we must either open up the pylorus or

make a fresh communication with the intestine. Gastro - enterostomy
yields the best and most enduring results. Pyloroplasty is easier, but is

contra-indicated if there is extensive cicatricial induration or adhesions.

Pylorectomy is performed if cancer is suspected and cannot be excluded.

The associated dilatation of the stomach usually disappears when the

stomach has been rendered capable of emptying itself. It is only when
it is very pronounced and combined with atony that recourse should be

had to gastroplication.

Perigastric Adhesions. — Although adhesions involving the stomach
may exist without giving rise to symptoms, they may, by interfering with
the motor functions of the organ, by causing fixation and kinking of the

pylorus and consequent dilatation, give rise to considerable suffering and
ill-health. The symptoms may depend on stretching of the adhesions,

consisting in dragging pain and discomfort after a full meal, relieved by
lying down, or by wearing a belt, and aggravated by exertion ; or they take

the form of gastric stasis and vomiting as a result of obstruction at the

pylorus. If relief does not follow on restriction of the diet, resting after

meals, and the wearing of a belt, the question of opening the abdomen and
liberating the adhesions (gastrolysis) may have to be considered. Slight

adhesions are separated by the fingers, firmer bands are divided between
ligatures. Less commonly the formation of dense adhesions fixing the

stomach to the anterior belly-wall may give rise to a palpable abdominal
tumour which occupies the epigastric region and extends upwards beneath
the costal margin on one or other side. There is considerable inflammatory
infiltration of the muscles and fasciae. The tumour is fixed, painful and
tender, and unfits the patient for any occupation. Operation, although
difficult, is strongly indicated. On separating the adhesions a " penetrating

ulcer " is usually opened into, and it may require to be excised along with

the infiltrated portion of the abdominal wall. The gap in the stomach is

closed by sutures. The omentum may be brought up and fixed between
the surfaces which were previously adherent. If it be impossible or

dangerous to separate the adhesions, relief may be given by a gastro-

enterostomy.

Hour-glass Stomach.—It is beyond the scope of this article to discuss

the causation of this affection. We agree with Moynihan that it is

practically always acquired, and is nearly always related to a pre-existing

chronic ulcer. The ulcer leads to the hour-glass deformity by giving rise
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to adhesions, especially such as fix the central area of the viscus to the

anterior abdominal wall, or by cicatricial contraction of its base, especially

when the ulcer extends circularly around the body of the organ. The ulcer

which is associated with hour-glass contraction may perforate, and it not

infrequently becomes the seat of cancer. There is frequently pyloric

stenosis in addition. The clinical features are usually those of dilated

stomach supervening on a chronic ulcer. The hour-glass condition can

usually be diagnosed with certainty if attention is paid to the characteristic

physical signs pointed out by Wolfler, Jaworski, Jaboulay, von Eiselsberg,

Moynihan, and Eichhorst. Most value attaches to the phenomena observed

on washing out the stomach and on inflating it with air or gas. The two
conditions for which hour-glass stomach is most liable to be mistaken are

stricture of the lower end of the gullet and pyloric stenosis. The chief

source of mistake hitherto has been that the existence of hour-glass stomach

has been entirely unsuspected. The treatment of the condition is necessarily

operative, but it is surrounded with difficulties. The whole stomach up to

the cardiac orifice must be investigated, as there is considerable risk of

assuming that the pyloric segment, which may alone be visible beneath the

costal angle, is the entire organ, and, on the assumption that the dilatation

of this segment is the cause of the symptoms, of performing a useless

operation, such as a gastro-enterostomy on the distal side of the stricture.

If the stricture is near the cardia and buried beneath the ribs, or if the

cardiac pouch is surrounded by adhesions, it may be extremely difficult to

perform any curative operation. Again, if there is a stricture at the

pylorus as well as the hour-glass contraction, two operations will be required

—one to eliminate each obstruction.

If the condition is one of uncomplicated hour-glass in an accessible

situation with a narrow isthmus and without marked induration or

adhesions, gastroplasty will suffice. If the two pouches sag downwards
and almost touch below the isthmus and there are no extensive adhesions,

a gastro-anastomosis should be preferred. If the pyloric outlet is also

stenosed, a gastro-enterostomy should be performed in addition, especially

if ulceration is still going on in the stomach. If an ulcer adherent to the

abdominal wall be found, and on separating the adhesions a fistula is dis-

covered, the thickened edges should be excised and the gap sutured at right

angles to the long axis of the stomach. If the hour-glass cannot be

remedied by gastroplasty or gastro-anastomosis, then one must fall back

on a gastro-enterostomy, and the question then arises as to which segment

of the stomach should be united to the jejunum. If the cardiac pouch is

much the larger of the two, it should be selected, while if both pouches

need draining, both of them are anastomosed with the intestine. If the

hour-glass is the seat of cancer it should be freely excised, and the divided

ends are then brought together by sutures (circular resection of the

stomach).

Gastroptosis

Prolapse of the stomach, whether occurring alone or along with ptosis

of other viscera, may not give rise to any symptoms. We are only con-

cerned with cases in which there is decided impairment of the functions

of the stomach. The chief symptoms are epigastric pain aggravated by

standing and exercise, apparently due to stretching of the nerve plexuses

of the stomach, and stagnation of the gastric contents necessitating the

frequent use of the stomach-tube. On examining the patient, most import-

ance attaches to the position of the lesser curvature and of the pylorus.
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If a large amount of water is swallowed in the erect posture, the stomach
stands out prominently, and the lesser curvature and pylorus may be found

to have descended as low as the umbilicus ; the greater curvature may be

found near the pubes or in the left iliac fossa. The pancreas may some-

times be palpated as a transverse cord a little above the level of the

umbilicus. There is usually splashing on succussion after prolonged fast,

and other evidences of dilatation of the stomach.

.

When sufficient relief does not follow on the use of a supporting

bandage, massage (especially along with Weir Mitchell treatment), attention

to diet, and occasional use of the stomach-tube, and the patient is unfitted

for his or her occupation or the ordinary duties of life, recourse may be had
to surgical interference. On opening the abdomen the stomach may be

found to occupy its normal position (the patient being recumbent and
having been so for a variable period before the operation), but it is easily

displaced downwards, the gastro-hepatic omentum is usually so attenuated

as to be transparent, and the pancreas may be visible above the lesser

curvature. The aim of the surgeon is to shorten the superior attachments

of the stomach so as to prevent prolapse of the organ when the patient

resumes the upright posture. This operation is known as gastropexy.

Attention is then directed to the pylorus, and if it be narrowed or kinked,

pyloroplasty or gastroenterostomy should be performed, and if the organ is

much dilated, its capacity may be diminished by gastroplication. (See also

Gastroptosis, vol. iv.)

Cancer

The surgical bearings of cancer of the stomach chiefly belong to the

domain of diagnosis and treatment.

Diagnosis.—The outstanding clinical features are loss of flesh, anaemia,

and dyspeptic symptoms. The stomach-tube usually demonstrates a greater

or less degree of stasis of the gastric contents, especially if the pylorus is

obstructed. Free hydrochloric acid is absent, except when cancer is grafted

on a pre-existing ulcer. Although rarely present at an early stage of the

disease, the formation of lactic and butyric acids is characteristic of cancer.

Examination of the blood may show an association of decided anaemia and
leucocytosis, the anaemia being characterised by a diminution in the pro-

portion of haemoglobin and an irregularity in the size and form of the red

corpuscles. The absence of a palpable tumour is not to be allowed to affect

the diagnosis ; the belly-walls may be too thick and rigid, the tumour may
be too small, or—and this is especially the case in cancer of the pylorus and
lesser curvature—it may be out of reach beneath the liver or costal margin.

If cancer is suspected and there is no palpable tumour, recourse must be

had to an exploratory incision, as it is our only sure means of making the

diagnosis at a stage at which it is of real value. In the presence of a

palpable tumour other possibilities must be borne in mind. It must be

differentiated from tumours of the colon, omentum, gall-bladder, liver,

pancreas, and abdominal wall, tumours resulting from perigastric adhesions

related to a penetrating ulcer, and a floating kidney or spleen. Valuable

information is often obtained by artificial distension of the stomach, but

certainty may not be attained until the abdomen is opened.

Treatment.—So long as there is no specific remedy for cancer, removal

of the growth affords the only possibility of cure. Whether this is possible

and expedient can rarely be determined before opening the belly. Opinions

founded on external examination may prove misleading. A small and
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movable tumour may be found to be hopelessly complicated by glandular

infection or metastases in the liver or peritoneum ; and conversely, a large

tumour may lend itself to radical removal and permanent cure. Even
cachexia, although ominous, may not be a bar to a successful operation.

Surgically speaking, the most hopeful cases are those in which the pylorus

is obstructed at an early stage, because the patient is more likely to seek

advice while the disease is still confined to its seat of origin.

An exploratory operation should only be undertaken if the strength of

the patient is such as will enable him to survive removal of the disease

;

otherwise the exploration has no object.

Points to be Investigated on Opening the Abdomen.—The stomach is

examined, and the presence of cancer excluded or confirmed. Difficulty

may be experienced in differentiating between a chronic ulcer with indura-

tion and adhesions, and " ulcer-cancer " ; in doubtful cases it is safer to

regard and treat the condition as cancer.

Having identified the growth, the conditions for and against its radical

removal must then be determined. Attention is directed to the following

points :

—

1. The Extent of Involvement of the Stomach itself.—This is estimated

by inspection and by palpating both anterior and posterior walls of the

viscus between the fingers
;
growths originating at the pylorus or near the

lesser curvature tend to spread towards the cardia, often unequally on

different aspects of the organ. Mere extent of the disease is not in itself

a bar to operation, as shown by cases of successful removal of the whole

organ, but extensive disease is usually associated with widespread infection

of the glands and with infected adhesions, both of which are likely sources

of recurrence.

2. The Extension of Cancer to the Lymphatic Glands.—This is estimated

by the enlargement and induration of the glands. As in cancers elsewhere,

the glands may be enlarged without being infected, hence the advisability

in doubtful cases of having one of them submitted to microscopical ex-

amination at the time of the operation. The coronary glands along the

lesser curvature, lying close to the stomach between the layers of the

gastro-hepatic omentum, are most often infected in cancers of the pylorus

and lesser curvature. They may be enlarged right up to the cardia, and
they should be removed as a routine procedure, at any rate, up to the point

where the coronary artery joins the lesser curvature. The chain along the

greater curvature more often escapes, but in pyloric growths the glands

immediately below the tumour should be removed. Infection of the deeper

glands lying along the upper border and partly embedded in the substance

of the pancreas is a serious complication, as their removal adds greatly to

the difficulty of a radical operation. Infection of the portal or retro-

peritoneal glands contra-indicates such a procedure.

3. Adhesions to and implication of adjacent organs add to the risk of

a curative operation and diminish the chances of its achievement. Those

most likely to be involved are the colon, omentum, liver, pancreas, and
abdominal wall. It is quite possible to successfully remove a portion of

one or other of these structures, but it is rarely worth while to do so.

Secondary growths in the peritoneum or liver contra-indicate removal.

Having investigated and determined the above conditions, the surgeon

must thereupon decide whether he is to abandon further interference and
close the belly, or proceed to the radical operation, or perform a palliative

operation with the object of diminishing the sufferings of the patient and
of prolonging his life.

vol. xi 29
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The Radical Operation : Resection of the Cancerous Portion of the

Stomach and Removal of the Associated Glands.—The sharp definition of

the growth at the pylorus resulting from the absence of communication

between the duodenal and gastric lymphatics allows of the section being

made close to the tumour. On the cardiac side the growth usually extends

in the submucous coat beyond its apparent margin, so that the section

should be made at least 2| inches beyond this. The glands are removed

along with the growth. There need be no fear of removing an amount
of stomach beyond that which will permit of end-to-end junction of the

divided viscera, as it is always possible to close each of them and re-establish

communication by means of a gastrojejunostomy.

Kesults of Kesection.—The mortality is necessarily high, probably

about 30 per cent in experienced hands ; the chief causes of death are shock,

peritonitis, pneumonia, and gangrene of the colon. The mortality will

probably be reduced when cases are brought to operation at an earlier stage

of the disease.

Permanent Cures.—These would appear to be quite as numerous as after

operations for cancer of the tongue or rectum. As such we may regard

those who are alive and well four years after the operation. Kocher, Jessop,

Mikulicz, Billroth, Hahn, and others report cases alive and well after eight

years. The histological characters of the cancer have a certain bearing on

this question, the columnar epithelioma yielding the most favourable results

because of its better definition and more accurate removal.

The Condition of those who Recover.—The majority regain their former

health and put on weight rapidly—up to 50 or 60 lbs. The motor functions

of the stomach are recovered, the organ is able to empty itself, and the

lactic acid diminishes or disappears. The hydrochloric acid may or may
not return ; where it is permanently absent, the patient may suffer from

gastric discomfort and may be incapable of digesting butcher-meat unless

the acid is administered along with the food. If only a small portion of

the stomach is preserved, the patient may be compelled to take small meals

at frequent intervals.

Recurrence.—If this is going to occur it usually shows itself within two

years. If it takes place locally, the former gastric sufferings return and the

disease runs its course as if no operation had been performed. If it takes

the form of secondary growths in the liver, peritoneum, or glands, the patient

usually succumbs painlessly and without stomach symptoms.

Palliative Operations.—The tendency is to restrict these within narrow

limits. Gastroenterostomy is only to be performed if the patient suffers

decidedly from pyloric obstruction, and yet has a fair prospect of living for

some time. In many cases the vomiting ceases, the nutrition improves, and

for a time the patient may feel quite well ; but in a considerable proportion

it gives no relief at all, or the patient never recovers his former health and

strength. The mortality is fully as high as after resection, chiefly because

it is performed on patients who are unable to stand the radical operation.

The causes of death are the same as after resection. The prolongation of

life varies very widely ; the longest recorded survivals in undoubted cancer

are 2\ years (Mikulicz), 3 \ years (Strauss), and 3| years (Alsberg). The

majority succumb to the original disease within a few months. Von

Eiselsberg has practised exclusion of the -pylorus, in addition to gastro-

enterostomy, in order to prevent the discharge from the disintegrating

cancer passing back into the stomach ; this is carried out by dividing the

stomach on the cardiac side of the growth and stitching up each open end

of the gastric tube.
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Resection of the cancerous segment of stomach as a palliative operation is

recommended by Mikulicz and by Kobson and Moynihan. According to

Mikulicz the mortality is less than after gastroenterostomy, there is greater

relief from pain, there is more often increase in the body weight and

strength, and the subsequent death is more often an easy one, being usually

due to secondary growths. Eobson and Moynihan affirm that a local

extirpation, even if followed by recurrence, will probably prolong life for a

greater period and in greater comfort than a gastro-enterostomy. It is

only feasible, however, in a small proportion of cases.

Jejunostomy , with the object of putting the stomach at rest, when
radical removal of the cancer or gastro-enterostomy are impracticable, has

been strongly recommended by Maydl. Most surgeons prefer to close the

belly under these conditions, as life can only be prolonged for a few weeks,

and the state of the patient with an intestinal fistula is pitiable in the

extreme.

Ulcer-Cancer

There is usually a long-standing history of ulcer, and the gastric contents

show the presence of free hydrochloric acid, frequently in excess. There is

usually more pain and tenderness than in other forms of cancer. The
growth most often develops in the region of the pylorus or at the con-

striction of an hour-glass stomach. The diagnosis is very difficult, the

presence of a tumour not being conclusive evidence of cancer, and even

after the abdomen is opened it may be difficult or impossible to differentiate

the induration of simple ulcer from that which is due to the addition of

malignant disease. The doubt may only be cleared up on microscopical

examination of the specimen after removal. A radical operation is usually

possible and successful.

Cancer of the Cardiac End of the Stomach

is either unattended with localising physical signs or it closely simulates

the features of malignant stricture of the gullet. The question of

gastrostomy may require consideration. In our own experience, while it

averts starvation, and may prolong life for many months—the longest

survival known to us being two years and five months—in the majority

the patient drags out a miserable existence, and is unable to participate in

any of the ordinary duties of life.

Tumours of the Stomach other than Cancer

Innocent connective-tissue tumours are very rare, and do not cause gastric

symptoms unless they involve the pylorus or they are pedunculated and
block this opening. The myoma is the best known ; it may project into

the interior of the organ and cause haemorrhage, or project externally,

giving rise to a slowly-growing, firm tumour, sometimes of considerable size.

It is rarely diagnosed, but when met with after opening the belly, it should

be removed along with the portion of stomach to which it is attached.

Sarcoma of the stomach is comparatively rare. Being associated with

the same clinical features as cancer, it is usually mistaken for it until the

specimen is examined after removal. Its treatment is conducted on the

same lines. With isolated exceptions, the patient dies from recurrence of

the disease.

Adenoma usually causes symptoms of pyloric obstruction, and is also
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liable to be mistaken for cancer. Sometimes it is decidedly pedunculated
;

more often it is sessile and impossible to differentiate from malignant

disease. It is best removed by a radical operation.

Dilatation of the Stomach

Gastrectasis.—This, which is a common accompaniment of gastric affec-

tions, has been already studied in relation to ulcer and to cancer. It may
also result from external pressure on the pylorus or duodenum, as by
tumours of the pancreas, gall-bladder, liver, or retroperitoneal tissues.

The pylorus or duodenum may be drawn upon or kinked by perigastric

adhesions, especially those resulting from gall-stones or by a movable right

kidney. In a limited number of cases there may be no discoverable cause

of the dilatation, and the condition is then regarded as a neuro-paresis. Such
idiopathic dilatation sometimes supervenes on operations, especially those

which concern the abdomen, and it may be a factor in causing death. The
physical signs of gastrectasis are sufficiently well known. Treatment is

primarily directed towards the removal of any existing cause, and this may
necessitate surgical intervention. Failing the fulfilment of this indication,

or in addition to it, it may be necessary to drain the stomach by means of

a gastroenterostomy, and the size of the organ may call for reduction by
means of gastroplication.

Tuberculosis and syphilis of the stomach, and phlegmonous gastritis are

beyond the scope of this article.

Operations on the Stomach

Gastrostomy.—The object of this operation is to establish a gastric fistula.

It is indicated in malignant stricture of the gullet, in order to feed the patient

;

in innocent stricture, to permit of retrograde dilatation ; in recent injuries, as from
impacted foreign bodies and corrosive liquids, to rest the gullet and favour healing.

The method associated with the name of Witzel yields the best results. Under
local anaesthesia the belly is opened by a vertical incision through the left rectus.

The stomach, which in oesophageal obstructions is small, empty, and hidden
behind the left lobe of the liver, is drawn out at the wound. Having selected an
area between the curvatures, it is secured by a couple of sutures, the ends of

which are held by an assistant. Having packed the operation area with gauze,

an opening is made in the anterior wall in the centre of the area selected. The
opening should be large enough to admit a flexible rubber tube, about No. 12

English catheter scale. The tube should project one inch or more into the interior

of the organ, and it is fixed to the edge of the opening by means of a catgut suture.

In order to invaginate the opening, two parallel folds of the anterior wall, one on
either side, are then raised and approximated by a series of Halsted's sutures, two
above and two below the tube ; the sutures are knotted and the ends cut short.

The invagination may with advantage be deepened by raising two similar folds

on either side by a second series of sutures (Kader), the ends of two or more of

these being left long to allow of their being passed through the edges of the

parietal peritoneum, and thus fix the stomach to the anterior belly-wall. The
external wound is then closed around the tube. Special care must be taken to

fix the tube, as its untimely escape may be a source of difficulty ; a reliable method
is to use a silver ring which grips the tube, flush with the surface of the abdomen,
and provided with eyes, by means of which it is secured by a broad tape encircling

the body or by strips of plaster. The usual dressings are applied, and held in

place by a many-tailed bandage. A funnel is then inserted into the outer end of

the tube, and the patient is fed before leaving the table ; the tube is closed with

a wooden spill and secured to the bandage with a safety-pin.

After-treatment and Results.—The patient is fed every two hours or so with

meat teas, milk, gruel, plasmon, somatose, eggs, and alcohol. The tube is taken

out and cleaned once a week, and may be changed after a month or so for a

No. 14 rubber catheter. When the fistula is no longer required, as after dilatation

of innocent stricture, it closes rapidly on removal of the tube.
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The author has performed eleven gastrostomies for malignant stricture ; the
shortest survival was one month— the cancer having penetrated the pleural
cavity ; the longest nine months ; the average of the series, three months. A
patient operated on by Prof. Annandale survived two years and five months,
cancer of the gullet being verified post-mortem. Although the fistula occupies a
dependent point in the stomach, it is remarkably continent : the patient may
cough after an abundant meal, even with the tube withdrawn, without a drop of
fluid escaping.

Gastrotomy.—The steps of this operation have been described in the treatment
of gastrorrhagia.

Gastropexy.— This consists in raising and fixing the stomach in cases of
gastroptosis. As originally practised, the stomach was fixed to the anterior
abdominal wall, but as this method of fixation may interfere with the motor
functions of the organ, it is now preferred to tighten up the structures which
normally support the stomach. A series of silk sutures are passed through the
gastro-hepatic omentum in such a manner that when they are tightened up and
knotted two horizontal folds result, and the lesser curvature of the stomach is

suspended at a higher level. The first thread is inserted close to the hepato-
duodenal ligament, and includes the capsule of the liver ; below it is made to
grasp the sero-muscular wall of the pylorus ; the others range along towards the
cardia (Bier). The gastro-phrenic ligament may also be tightened up. In one of

our own cases the gastro-hepatic omentum was so thin and transparent that the
sutures would not hold, but a satisfactory result was obtained by stitching the
sero-muscular coat along the lesser curvature to the hepatic attachment of the
round ligament and to the diaphragmatic peritoneum. The patient should lie for

a month after operation.
Gastrorrhaphy.—This term is occasionally applied to the closure of wounds or

of perforated ulcer of the stomach.
Gastrolysis.—This term refers to the separation of perigastric adhesions. It

has been described under this head.
Gastroplication.— This operation is associated with Bircher's name, and is

intended to reduce the size of a dilated stomach. As modified by Moynihan, a
series of horizontal folds or tucks are made in the anterior wall of the organ by
means of a number of silk sutures passed out and in through the sero-muscular
coat. The sutures run from the lesser to the greater curvature, and when
tightened up, approximate the curvatures.

Pylorodiosis.—In this operation the pylorus is mechanically stretched and
dilated. Loreta's method consists in opening the stomach near its outlet, and
passing the fingers or a dilating instrument through the pylorus. Hahn's method,
which is much safer and easier, consists in invaginating the anterior wall of the
stomach by means of the forefinger, and pushing the latter into the pylorus ; as

the resistance of the sphincter is overcome, two or even three fingers may be in-

serted until the channel is well opened up. The procedure is contra-indicated if

there is ulceration or cicatricial contraction.
Pyloroplasty.—This operation, which consists in open linear division of the

narrowed pylorus, is associated with the names of Heinecke and v. Mikulicz.

Having opened the belly, the pylorus is drawn out
at the wound, and is packed round with gauze.
Its anterior wall is divided longitudinally by an
incision two inches in length, commencing on the
stomach side of the pylorus, and prolonged through
the latter by scissors. The upper and lower edges
of the incisions are drawn widely apart, and are
approximated by two rows of sutures in a direction
at right angles to that of the original incision.

A Robson's bobbin may be used as an internal
splint.

The contra - indications and results of this

operation have been already described under Gastric
Ulcer.

Gastroplasty (Wolfler).—This operation implies p^^lpyloropiasty for innocent
the division of the strictured segment of an hour- stenosis of pylorus,

glass stomach, and is carried out on the same lines as

pyloroplasty. The incision should be at least four inches in length. The operation

is often rendered difficult by adhesions to the anterior abdominal wall, and on
separating the adhesions a gastric ulcer may be opened into. To prevent the
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re-formation of adhesions, the right free edge of the omentum may be brought up
so as to lie between the stomach and the parietes.

Fig. 2.—Gastroplasty for hour-glass
stomach.

Fig. 3.—Gastro-anastomosis or gastro-
gastrostomy for hour-glass stomach.

Gastro-anastomosis or Gastro-gastrostomy (Wolfler).—This operation consists in
making a free communication between the two compartments of an hour-glass
stomach. It is carried out on the same lines as gastro- enterostomy, and the
largest size of bone-bobbin may be used as an internal splint. The modification
suggested by Watson consists in turning the pyloric segment over on to the
cardiac portion, using the constriction between them as a hinge ; having fixed
them together by sutures, the communication is effected through an opening
made in the presenting surface of the pyloric compartment.

Gastro - enterostomy. — The communication between stomach and intestine
is usually made with the first part of the jejunum—gastrojejunostomy. The
opening in the stomach is made at a dependent point close to the greater curva-
ture. The viscera are applied to each other so that the direction of the peristaltic
movements shall be the same in both.

The jejunum is either brought upwards in front of the colon and fixed to the
anterior wall of the stomach—Wblfler's operation,—or it is brought up behind the

colon and fixed to the posterior wall
of the stomach—von Hacker's opera-
tion. There are countless modifica-
tions of the procedure, especially as

regards the details of the anastomosis
;

we shall therefore limit our description
to* the opei^ations above -'mentioned,
either of which, when performed
accurately, gives excellent results.

The selection of one or other depends
on the conditions present in each
individual case.

Anterior Gastro -enterostomy (Wol-
fler's operation).—Having opened the
belly and ascertained the exact
condition of the viscera concerned, the
first step is to identify the upper
end of the jejunum. The omentum
and colon are raised with the left

hand, while the extended fingers of

the right are pushed along the under
surface of the transverse mesocolon

Fig. 4.—Scheme of methods of gastroenterostomy, after Until they reach the vertebra. ' The
y. Mikulicz ,Si., stomach; t.c. transverse colon; j., first loop of the jeiunum, which lies

gK-TnUrosCr
8astro-enterostomy ; (2>Postenor immediately to the left, in the angle

between the mesocolon and the
vertebrae, is seized by the second and third fingers disposed like the blades
of a scissors, and on pulling it forwards its connection with the fixed termina-
tion of the duodenum becomes evident. We have only once failed to find

the jejunum by this method — in a case in which the colon was displaced
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and fixed by adhesions, — and we were obliged to trace the small intestine
upwards from the coecum. Having identified the jejunum, a point is selected
about twenty inches from its origin, and the
loop is so disposed that its afferent and
efferent limbs lie left and right respectively.

The neck of the loop is encircled and constricted

by a piece of narrow elastic tubing to prevent
leakage. A point on the anterior wall of the
stomach is selected, and the stomach as a whole
drawn forwards into apposition with the jejunum,
both viscera being packed round with gauze.

The "posterior" sero- serous continuous suture is

inserted for a length of two and a half inches
;

on the intestine stitching close to and parallel

with the mesenteric attachment, on the stomach
the line of suture should run from below up-
wards and to the right, making with the
horizontal an angle of about 45°, as it comes to

be horizontal when the stomach is replaced (von
Mikulicz). The ends of the suture are left long,

and gauze is packed in along either side of the
suture line to absorb any contents which may
escape. Each viscus is then opened 3 mm. from
the suture line ; any contents which escape are
soaked up ; the bleeding points are seized with
forceps, and those in the stomach are ligatured.

The edges of the openings are united with a
continuous catgut suture passed through all the
coats. A large Mayo Robson bobbin should be
used as an internal splint ; it is inserted before
commencing the anterior suture. In very feeble

patients the anastomosis may be more rapidly
effected by means of a Murphy button, the
female half being inserted in the stomach.

In non-malignant cases I usually perform an
entero-anastomosis in addition to the gastroenterostomy, making a communica-
tion between the afferent and efferent limbs of the jejunal loop about four

inches below the junction with the stomach.
This constitutes the most certain means of

preventing the so-called " circulus vitiosus,"

or regurgitation of intestinal contents

through the afferent limb into the stomach.
Posterior Gastro - enterostomy (von

Hacker's operation). — After opening the

abdomen, the omentum and transverse

colon are turned upwards and laid on a

sheet of gauze. A sagittal slit is made
about the centre of the transverse meso-
colon, carefully avoiding the larger blood-

vessels passing to the colon. The slit is

enlarged with the fingers so as to expose

the posterior wall of the stomach, which is

then drawn into the opening, or, still better,

protruded by the fingers of an assistant

from above. A few points of suture unite

the stomach to the edges of the opening in

the mesocolon. The jejunum, at a distance

of from eight to ten inches from its origin,

is then anastomosed with the stomach in the

usual way. A Mayo Robson bobbin is again

useful as an internal splint.

In either of the above operations, it is

recommended by Moynihan. and others to

remove an elliptical portion of mucous membrane in the case of each viscus, so

as to prevent the formation of an obstructing ring and subsequent narrowinr
the opening.

Fig. 5.—Anterior gastroenterostomy and
entero-anastomosis.

Fig. 6.—Posterior gastroenterostomy.
Von Hacker's operation.

of



456 STOMACH: SURGICAL

If the operation is followed by vomiting beyond that which can be ascribed to the
anaesthetic, the stomach should be emptied and washed out by means of the tube.

Gastrectomy—Resection of the Stomach.—This is almost exclusively performed
in cases of malignant disease. If it is not necessary to interrupt the continuity of

the organ, the portion resected should be in the form of a wedge or ellipse, in order
to avoid an irregular gap and a complicated line of suture. The gap is sutured
at a right angle to the long axis of the stomach, so as not to narrow the lumen.
In the majority of cases in which the continuity of the organ is interrupted, the
resection involves the pyloric segment, and is spoken of as a pylorectomy, although
a good deal more than the pylorus is taken away.

Resection of the Pyloric Segment—Pylorectomy.—The incision is made in or near
the middle line. Having opened the belly, our first concern is to determine the

seat and extent of the cancer and its amenability
to radical cure, especially noting the condition
of the lymph glands, the nature of the
adhesions, and the presence or absence of

metastases. If the operation is to be proceeded
with, the tumour is drawn forwards into the
wound, to facilitate the separ-ation of the
omenta. In separating the transverse meso-
colon, any enlarged glands are left attached
to the stomach. The vessels on the stomach
side are merely seized with forceps, but on
the side of the colon they are ligatured. If

the mesocolon is invaded by cancer, it is

questionable if the operation should be pro-

ceeded with, because tying the colic vessels

imperils the vitality of the colon. If the right
and left colic arteries are ligatured as well as

the middle, the central portion of the colon is

almost certain to perish, and must therefore
be resected straight away—a serious addition
to the operation. The lesser omentum is

separated along the upper border of the growth,
all glands being left attached to the latter.

If the glands are enlarged they should be
removed along the whole length of the lesser

curvature, care being taken to secure the
bleeding points, as they tend to retract beneath

• "- the costal margin. In clearing the pyloro-

Jf duodenal junction, the common bile-duct may
be in danger if the parts have been displaced by

FlG^T1n^
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ter^,w^ contracting adhesions, as is frequently the case
of pyloric portion of stomach. Billroth s . -,

° ' m. j

"second method " of pylorectomy. in U leer-cancer.

When the growth is completely isolated

it is drawn out of the wound, and the pei'itoneal cavity is shut off with gauze.
The duodenum is to be divided half an inch from the margin of the cancer.

The section is made between two clamp-forceps, and each cut surface is

cleansed with a sublimate swab and wrapped in gauze. The pylorus is raised

along with the growth, and the stomach is cut across two and a half inches
beyond the margin of the cancer. The section is made between clamp-forceps

;

two pairs grasp the upper half, and other two the lower half, the assistant

supporting the cardiac portion while the section is being made. The tumour
is laid aside, escaped gastric contents are wiped away, and the cut edge of

the stomach is disinfected. The forceps on the cut end of the stomach are

relaxed sufficiently to allow bleeding from the vessels, and these are now secured
and ligatured. The soiled gauze is replaced.

The further steps of the operation depend on the amount of stomach which has
been removed. If it be possible to join the duodenum to the stomach, this is best

carried out by Kocher's method. The cut end of stomach is closed by two rows of

sutures, and the duodenum is inserted into its posterior wall, the communication
being effected by sutures alone, as in a gastroenterostomy, or by means of a
Murphy button (1 inch).

Where the interval between the viscera is too great to allow of a direct junction,

the cut end of each is closed, and communication between them is established by
means of a gastro-enterostomy—" the second method of Billroth."
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The suture lines are painted with iodoform cream, the gauze packing is

removed, the viscera replaced, and the abdominal wound is closed without

drainage.
m .

If Kocher's operation has been performed, and there is regurgitation of intes-

tinal contents and vomiting, this usually ceases if the patient is turned over on to

his right side.

Complete Extirpation of the Stomach.—This operation is carried out on the same
lines as an extensive resection. It is only practicable when a portion of the

gullet below the diaphragm or a portion of the cardia can be preserved. The
duodenum is joined to the lower end of the oesophagus ; or if this is impossible,

the duodenum is closed, and a loop of the jejunum employed to re-establish the

continuity of the alimentary tract. Although this operation has been performed
successfully on several occasions, it is only called for in very exceptional cases, and
can rarely be expected to afford a permanent cure.
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Stomatitis or inflammation of the mucous membrane of the mouth occurs

at all ages, but is much commoner in infancy and childhood than at any-

other period of life. Several forms of stomatitis can be distinguished, and

perhaps the most convenient classification is into five varieties: (i.)

Catarrhal
;

(ii.) Aphthous
;

(iii.) Ulcerative
;

(iv.) Gangrenous, or Cancrum
Oris, and (v.) Parasitic, or Thrush.

This classification is based chiefly on clinical appearances, and therefore

cannot be regarded as final : it may be that wider knowledge may enable us

to arrive at some more accurate classification on a basis of etiology, but at

present we know so little of the factors which determine the particular

variety of stomatitis in individual cases that it would be premature to

attempt any such classification. Probably the commonest of the five forms

of stomatitis is the parasitic, or thrush, and next in order of frequency

would come the aphthous, but as the catarrhal variety represents perhaps an

earlier and simpler condition pathologically, it is convenient to consider this

first.

Catarrhal Stomatitis

A simple catarrhal inflammation of the mouth is common as an early

manifestation of any form of stomatitis, but the condition to which the

term is usually applied, and in which the inflammation does not pass beyond

the catarrhal stage, is by no means common at any rate amongst children.

As an occasional occurrence it is seen at any period of childhood or adult

life. Some observers have described it as being particularly frequent dur-

ing the first dentition, but the writer has been unable to verify this state-

ment from his own observations.



458 STOMATITIS

Its causation in some cases is obscure, the local condition appears to be
the expression of some general constitutional disturbance ; in other cases it

is associated with the exanthemata, particularly with measles; in others
again it is due to some local irritation, be it the eruption of teeth, the
presence of foul or broken stumps, scaldingly hot substances, or the overuse
of tobacco.

Symptoms.—The inflammation affects only portion of the mucous mem-
brane, not the whole mouth. The part affected becomes at first redder than
normal, and feels stiff and dry, causing considerable discomfort ; at this period
the mucous membrane may have a finely granular appearance, but in many
cases, after a few hours, or perhaps a day or two, the mucosa becomes greyish
white and opaque, almost as if it had been rubbed with silver nitrate.

Earely there is some very superficial excoriation or ulceration of the mucous
membrane, and in a severe case the inflammation may spread to the deeper
tissues, giving rise to some swelling and induration.

In infants and young children there may be some constitutional disturb-

ance, the temperature being slightly raised and the child looking pale and
ill. Some degree of salivation may be present where the stomatitis is

extensive, and the discomfort which attends sucking and eating sometimes
prevents the child from taking its food. But in most cases a catarrhal

stomatitis is not a condition of any serious import, and it usually disappears

in a few days with very simple treatment.

Pathology.—To whatever causes catarrhal stomatitis may be due, the

histological changes are probably the same, to wit a dilatation of the blood-

vessels supplying the mucous membrane, a proliferation and shedding of the

superficial cells of the mucosa, and a small round-cell infiltration of the

deeper part of the mucosa. No particular micro-organism has been associ-

ated with this condition yet, but it seems highly probable that some at least

of the cases have a bacterial origin.

Treatment.—All that is necessary in most cases is to use some mild anti-

septic application locally. For infants and young children, the mel boracis,

or glycerine of borax, is suitable ; for older children and adults a mouth
wash may be used. Perhaps as good as any is the common combination of

borax and potassium chlorate, which may be used in the following formula

:

fy Pot. chlorat. gr. vijss., boracis gr. x. glycerin. 3ss., aq. rosse ad 3J., as a

mouth wash. For the discomfort and hot smarting which is sometimes
present the sucking of ice may be found useful. Care should be taken to

avoid any food, liquid or solid, which may irritate the mucous membrane,
and in some cases it may be advisable to keep the patient on " slop-diet

"

for a day or two. Any gastro-intestinal or constitutional disturbance must
be treated according to the indications in the individual case. Carious teeth

or other sources of local irritation must also receive attention.

Aphthous Stomatitis

Aphthous stomatitis, sometimes called " vesicular " or " herpetic " stoma-

titis, is extremely common, indeed, according to the writer's statistics more
than half the cases of stomatitis which occur in children are of this variety

;

but statistics are not altogether reliable, particularly in comparing such a

condition with thrush, which is so often part of some more serious malady,

that it is apt to be overlooked, if not in clinical examination, at any rate in

out-patient records ; and it seems probable that strictly accurate figures

would show thrush or parasitic stomatitis to be the commoner of these two

conditions.
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Aphthous stomatitis is most frequent in children under four years of

age, but is very rare under the age of six months. Although it occurs at

any time in the year, it would seem to be more frequent during the cold

months than in the summer.
Symptoms.—In many cases soreness of the mouth is the first symptom

noticed, but it is not uncommon for marked constitutional disturbance to

precede the local manifestations. The child feels ill, and looks pale and
miserable ; he is feverish, with headache and sometimes vomiting. These

symptoms may last one or two days before there is any complaint of sore-

ness in the mouth.
The oral appearances are very characteristic. On the anterior portion

of the tongue, on the dorsum and at the edge, there are rounded, greyish-

white opaque patches (aphthae), somewhat like blisters, on the mucous mem-
brane, surrounded by a narrow, dark-red zone of hyperaeniia. These patches

have a diameter varying from one millimetre up to half a centimetre, and
vary in number from two or three up to fifteen or twenty ; they are often

slightly raised when they first appear. Similar patches are almost always

present on the inner surface of the lips, especially the lower lip, and are

sometimes present on the buccal mucosa, the hard and soft palate, and the

anterior pillars of the fauces ; rarely aphthae are seen on one or both tonsils.

After a few days these patches become shallow ulcers or erosions, generally

with a greyish-white depressed base ; occasionally this process goes further,

patches coalesce, and the ulceration is deeper and more troublesome, but as

a rule the shallow ulcers heal rapidly, leaving only for a short time minute
grey scars in the mucous membrane.

With the appearance of these aphthae, the mouth is often kept open and
there is some drivelling of saliva, the infant refuses its food, and even older

children may find trouble in eating owing to the pain and smarting

which accompanies mastication. Even if no symptoms have preceded the

onset of the oral symptoms the child now looks pale and " out of sorts," the

temperature in a mild case may not be over 100° ; in a severe case it may
rise to 102° or 103° F. The submaxillary and sublingual lymphatic glands

are sometimes swollen and tender, and in some cases, as a result of the

drivelling of saliva, superficial erosions occur at the angles of the mouth
having a white sodden appearance, a condition to which the French have
given the name of " perleche." The duration of the symptoms varies from
four or five days up to two weeks or even longer, probably the average dura-

tion is about a week.

Etiology and Pathology.—There can be no doubt that the depressed

vitality which accompanies many disorders, especially gastro -intestinal

disturbances in childhood, favours the onset of aphthous stomatitis, but the

actual exciting cause of this condition remains unknown. Some observers

have regarded it as comparable to cutaneous herpes, and have attributed it

to a nervous origin, but there is little or no evidence in favour of this view.

The condition rather suggests a microbic origin, but no specific micro-

organism has been discovered; the writer has occasionally observed an
eruption of pustules on the oral region of the face during the attack of

aphthous stomatitis, an association which is at least noteworthy in connec-

tion with the microbic theory.

Even the nature of the aphthae themselves is uncertain ; by some they

are regarded as analogous to a blister on the skin, the superficial epithelium

being at first raised by an exudation of fluid, and then shed, so that the

vesicle breaks, leaving a small ulcer ; by others, it is thought that there is

no exudation of fluid sufficient to form a vesicle, but that the appearances
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in most cases are consistent with a simple inflammatory proliferation of the

epithelium with death of the superficial layers.

Treatment.—In the case of an infant, refusal of the breast or bottle may
make it necessary to feed with a spoon, and for older children a fluid diet

may be advisable for a few days, but it is important that the food should

be nourishing and plentiful ; milk, lightly-boiled or poached eggs, custard,

raw meat juice, or red gravy from underdone meat, all these are useful foods.

Some antiseptic mouth-wash or application should be used frequently ; for

the younger children and infants the mel boracis or glycerine of borax may
be applied with a soft piece of clean linen ; or the following application may
be used :—Potassii chloratis, gr. x., boracis, gr. x., mucilag. tragacanth. 3ij.,

glycerini, 3j., aq. ad. gj. For older children and adults a mouth wash of

pot. chlor. gr. x., sanitas iT^x., aq. ad. §j. is convenient. There is some
diversity of opinion as to the value °of potassium chlorate internally in these

cases, but in the writer's experience it has seemed to be of very decided

value for aphthous stomatitis in children.

Ulcekative Stomatitis

Ulcerative stomatitis occurs most often in children of four to twelve

years, that is, at a later period than the aphthous variety. It very rarely

occurs in infancy, but is seen occasionally in adults.

Defective hygiene and ill-health are important predisposing causes;

many of the children who suffer from ulcerative stomatitis live in miserable

surroundings, poorly fed and badly housed. The condition of the teeth also

is an important factor, not only carious and jagged, but also dirty teeth are

powerful exciting causes of ulcerative stomatitis.

The stomatitis which is due to mercury may be of catarrhal or of

ulcerative variety, and may conveniently be mentioned here : it is seen

occasionally in those who are employed in trades which necessitate the fre-

quent handling of mercury, and sometimes as a result of administration of

mercurial medicines : in its mildest form, with slight swelling and redness

of the gums and some salivation, it sometimes follows the taking of only a

few doses of mercury in those who possess some special idiosyncrasy to that

drug ; in this way the writer has known it to occur in infancy after only a

few small doses of grey powder, although, as a rule, infants tolerate mercury
well ; in its more severe form, with ulceration of the gums, loosening of the

teeth, or even necrosis of the jaw, and much fcetor, it is generally due to

prolonged absorption of mercury, whatever may be the source ; and it is

important to remember that the individual doses given in such cases may
be quite small, so that the cause is apt to be overlooked, and the adminis-

tration of mercury continued under the impression that the quantity given

is too small to account for the oral condition.

The affections of the mouth which occur in syphilis hardly call for

mention here, for a diffuse stomatitis of syphilitic origin would seem to be

very rare, although mucous patches, or ulcers, particularly on the tongue,

are by no means uncommon, whether in congenital or in acquired syphilis.

Symptoms.—Ulcerative stomatitis usually shows itself first at the free

edge of the gums about the teeth ; the mucous membrane here becomes
reddened and swollen, projecting slightly away from the teeth, and bleeding

easily if touched. As the disease progresses there is actual loss of surface,

the mucosa being ulcerated first around the teeth, and then in irregular and
gradually extending patches. The ulcers usually have a dirty yellowish

base, sometimes of a thick wash-leather appearance. From the gums the
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ulceration often extends to the inside of the lips and cheeks, which may be

considerably swollen, but lack the brawny induration which is characteristic

of cancrum oris. The writer's experience agrees with that of Henoch, that

in many cases the ulceration spreads by contact ; an ulcerated surface on
the gum corresponds with a contiguous patch on the tongue or on the

cheek.

With this ulceration there is almost always more or less fcetor of the

breath, and this feature is so constant that the disease has been called
" foetid stomatitis."

In a severe case the ulceration may extend deeply, pus is seen welling

up between the swollen mucosa and the teeth, and these latter may become
loosened and drop out, or there may be some superficial necrosis of the
alveolar margin of the jaw. Constitutional disturbance is usually marked
in this disease : the child looks pale and ill, the temperature is raised to
101° or 102° F., and there is sometimes vomiting and headache. Some
drivelling of saliva is usually present ; the saliva both in this variety and
in the aphthous form of stomatitis is alkaline, sometimes indeed strongly

alkaline, contrasting herein with the constant acidity of the saliva in

parasitic stomatitis or thrush.

The course of ulcerative stomatitis is almost always favourable, but in

rare cases it proves fatal either by exhaustion increased by the difficulty in

taking food, or, as it would seem, by some toxaemic condition. The relation

of stomatitis to pernicious anaemia is uncertain, but of recent years it has
been suggested that an ulcerated and septic condition of the mouth may,
by a process of auto-intoxication, give rise to pernicious anaemia ; and there

can be little doubt that some of the constitutional symptoms which are

associated with a severe and foul stomatitis are due partly at least to auto-

intoxication.

Pathology.— In ulcerative stomatitis the early stages are probably
identical with those occurring in catarrhal stomatitis, but the inflammatory
process goes further ; a disintegration of the mucous membrane and some-
times of the deeper parts occurs, and these are thrown off, leaving an ulcer,

the base of which consists partly of disintegrating tissues, partly of fibrin.

The process is due almost certainly to the action of micro-organisms, but
beyond the common pyogenic micro-organisms, particularly the staphylo-

coccus pyogenes aureus and albus, no specific micro-organism has been found.

Treatment.—The internal administration of potassium chlorate is espe-

cially effective in ulcerative stomatitis, producing marked improvement
generally in two or three days. For an adult a dose of ten grains may be
given every four hours ; for a child of four years a dose of four grains every
four hours will be sufficient. This drug may usefully be combined with
nux vomica and cinchona, thus : pot. chlor. gr. x., tinct. nucis vomicae

fl\vijss., tinct. cinchon. co. rr^xx., acid nitrohydrochlor. dil. TT]_v., glycerin.

TT|_xxx., aq. ad. §j. Potassium chlorate may be given in the form of tabloids,

and a combination with cocaine may prevent the painful smarting which
sometimes results from the chlorate alone. As a mouth-wash the mixture
of sanitas and potassium chlorate mentioned above is suitable, or a weak
solution of permanganate may be used (liquor potass, permanganatis TT|_x.

in an ounce of distilled water) ; in very foul cases the liquor sodae chlorinatae

(l\xx. in an ounce of water) may have a cleansing effect. By some it is

recommended that the ulcers should be painted daily with a solution of

alum (gr. x. to §j.) or of silver nitrate (gr. v. to §j.), or the glycerine of

tannin may be used.

In all cases the local treatment must be supplemented by a generous
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diet, which will have to be given usually in the liquid form, and may-

comprise such food as has been recommended above for the cases of

aphthous stomatitis : in some cases it will also be advisable to order

stimulants in the form of port wine, brandy, or champagne.

GANGRENOUS STOMATITIS (CANCRUM ORIS)

Of all forms of stomatitis this is by far the most serious, and happily

also the most uncommon. Cancrum oris very rarely occurs in adults : it is

seen most often in children between the ages of three and twelve years.

Of 58 cases collected by Yates and Kingsford, 40 occurred within the first

two years of life, 17 between the ages of five and fifteen years, and 1 at

twenty-six years. A greater liability of the female sex was shown in the

same series, 36 being females, 21 males.

Any debilitating illness seems to predispose to this disease, but there

seems to be some special liability to it after the specific fevers, particularly

after measles ; the writer has seen it also as a complication of tuberculosis.

It may also follow some local injury ; for example, in one case under the

writer's care it followed the cauterisation of a small nsevoid spot on the

frsenum of the tongue. A gangrenous stomatitis occasionally follows the

prolonged use of mercury, as in a child under the writer's observation ; and
West alludes to a similar sequence, but it may be doubted whether these

should be regarded as unusually severe cases of ulcerative stomatitis or as

actual cancrum oris.

There can be little doubt that cancrum oris should be regarded as a

specific disease, distinct even from the most severe form of ulcerative

stomatitis ; and there is reason to believe that it is due to a specific micro-

organism, a bacillus described by Lingard as " thread-like, varying from
•004 mm. to '008 mm., and about "001 mm. in thickness." This bacillus is

found in large numbers in the zone of tissue immediately adjoining the

slough. Other observers have regarded the streptococcus, which has been

found in some cases, as the cause of the disease.

Symptoms.—The disease appears in the mouth as a reddish and then a

bluish-red area in the mucous membrane, which quickly becomes ulcerated,

whilst the surrounding tissues become swollen and indurated ; this area

commonly appears first on the inside of one cheek, but it may begin over

the alveolar portion of the jaw or on the inside of the lip. Holt mentions

the occurrence of a similar process in the nose and in the external auditory

meatus. A similar affection of the vulva, starting usually on the inner

surface of the labia rnajora, is hardly less frequent than the affection of the

mouth.
The indurated tissue rapidly sloughs, and a dirty brownish or black

slough is left exposed on the inside of the mouth, whilst the infective process

spreads outwards until the whole thickness of the cheek is tense and brawny,

and the skin on the outside has a tense shiny appearance, with a bluish-red

spot showing where the necrosis is approaching the surface. In this way
the whole thickness of one, and rarely of both cheeks, may slough, and

complete destruction of the cheek may occur, leaving a ragged opening into

the mouth ; or if the sloughing occurs over the jaw the bone may be exposed

and necrotic. The spread of the disease is fearfully rapid : a few hours

suffice to enlarge the affected area from a small spot up to an area the size

of a shilling or larger. Saliva flows from the mouth, and a horrible foetor

accompanies the gangrene, but fortunately the condition is less distressing
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to the patient than might have been expected, for it is accompanied by
little or no pain as a rule.

The constitutional disturbance is usually great; there is considerable
pyrexia at first, but at a later stage the temperature is sometimes sub-
normal ; the heart's action is rapid and feeble, and as the disease progresses

the patient shows the grey colour and apathetic manner which go with a
profound toxsemia.

It is important to remember, however, that in some cases there is

remarkably little constitutional disturbance at first, and the child may play
with its toys and take an interest in its surroundings when there is already
actual gangrene of the tissues. Haemorrhage of any severity seldom occurs
from the affected part, owing, no doubt, to thrombosis of vessels occurring
as the disease advances.

As a result, perhaps, of the inhalation of infective particles from the
diseased part, broncho-pneumonia is a frequent complication, and diarrhoea
may result from the swallowing of gangrenous material, or indirectly from
toxsemia.

Prognosis.—The usual course of the disease is steadily downwards ; the
gangrene shows, as a rule, no tendency to spontaneous limitation, but
extends rapidly until the child dies, usually of exhaustion. Eilliet and
Barthez, in 21 cases, saw only 1 recovery : West, in 10 cases, saw 2
recoveries. The usual duration is from four to ten days. But it is

encouraging to find that occasionally, even after sloughing has become so

extensive as to involve the whole thickness of the cheek over a considerable

area, the disease may cease to progress, either as a result of spontaneous
limitation or as the result of treatment. One caution, however, may be
given in such cases ; there seems to be a tendency to cardiac syncope during
convalescence from this disease, a tendency which is perhaps explained by
the necrotic foci in the myocardium, and other cardiac lesions which were
found in animals inoculated with the bacillus described by Lingard.

Treatment.—It is all important that treatment should be prompt and
energetic in this disease ; the saving of' the child's life depends largely on
early recognition and efficient treatment. It is now generally recognised
that the only satisfactory method of treating cancrum oris is by complete
removal of the affected part, and by the application either of powerful
antiseptics or of the actual cautery to the apparently healthy tissue which
is immediately adjacent to the sloughing area. These measures fall rather
within the province of the surgeon than of the physician, and the present
writer, therefore, can hardly do better than quote the very full directions

given by his colleagues Mr. Watson Cheyne and Mr. Burghard :
—

" All the
parts which are gangrenous must be clipped away ; not only the soft parts,

but the portion of the jaw affected must be removed, and this should be
done till a surface which bleeds everywhere is exposed. Having in this way
got rid of all the gangrenous tissue, pressure is applied and the bleeding

arrested, and then strong nitric acid is painted over or rubbed into the raw
surface. This is best done by means of a stout glass rod or glass brush.

The acid is allowed to act for about ten minutes, fresh applications being
repeatedly made during that time. When the surgeon is thoroughly
satisfied that every portion of the disease is destroyed the action of the
acid is arrested by the application of a saturated solution of carbonate of

soda, which is poured on the part until the acid is completely neutralised,

as is shown when bubbles of carbonic acid gas cease to form. . . . The part
should then be powdered with iodoform, and full-strength boracic ointment
spread on butter-cloth applied with boracic lint outside it. The mouth or
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vagina should be washed out with sanitas and water, about 1 part in 12,

several times a day. The wound will begin to granulate in five or six days,

and then the weaker boracic ointment may be substituted."

Messrs. Yates and Kingsford record three cases in which recovery

occurred after removal of the sloughs, followed by swabbing the adjacent

tissues with a solution of perchloride of mercury (1 in 500) ; the parts were
then dressed with lint soaked in a weaker solution of the same drug (1 in

1000). In one case this treatment arrested the disease when the application

of nitric acid had been unsuccessful ; but repetition of the treatment on
several days may be necessary if the sloughing recurs.

The possible causal relation of streptococci to this disease has suggested

the injection of antistreptococcus serum, and recovery has followed its use

after other means had failed to arrest the gangrene (Cahall).

Every effort must be made to support the child's strength by nourishing

food and stimulants. Egg-and-brandy mixture, yolks of egg mixed with

beef-tea, custard, " trifle " (made with sponge-cakes, sherry, milk, and eggs),

any such foods may be used, and should be given at short intervals. Any
signs of cardiac failure will call for further stimulation by strychnine, and
perhaps digitalis or ammonium carbonate, and it may be necessary to keep

the child in the recumbent position to prevent syncopal attacks.

Parasitic Stomatitis (Thrush)

Thrush is a disease chiefly of early infancy : it is only rarely seen in

older children or adults. In infants it occurs most often as a complication

of gastro-intestinal disorders, but is seen also in any enfeebled condition,

and in adults at the end of phthisis or other exhausting disease. It is due
to an invasion of the epithelium by a fungus, the saccharomyces or oidium

albicans, which consists of oval cells and longer mycelium-like threads which
dip down between the superficial layers of the epithelium, but not into

the deeper part of the mucosa. The white patches consist of this fungus

together with epithelial cells and bacteria.

Symptoms.— Small creamy -white raised specks which enlarge and
coalesce are seen first, usually on the mucous membrane of the cheeks, then

on the tongue, lips, palate, and fauces, making in a severe case a thick

curd-like coating over considerable portions of the mucosa. At the edge of

these patches the mucous membrane can be seen to be slightly reddened in

some cases, showing that some degree of catarrhal stomatitis is associated

with the parasitic growth ; but in many of these slighter cases there is

nothing whatever, so far as naked-eye appearances go, to suggest any in-

flammation whatever, and it may be doubted whether the parasitic invasion

is necessarily associated with any stomatitis.

The mouth is usually rather dry than otherwise in cases of thrush;

there is no tendency to drivelling of saliva. The saliva is almost in-

variably acid.

In severe cases thrush may interfere with suckling, and in this way
hinder nutrition, but otherwise it seems to add little if anything to the

constitutional disturbance due to the gastro-intestinal or other disorders

which usually precede it.

Thrush rarely extends beyond the mouth, but occasionally it spreads

down the oesophagus, and still more rarely into the stomach. Cases are on

record in which it has been found in the small intestine and in the csecum,

so that the popular idea of thrush " going through " the child has some

basis in fact : but the redness about the buttocks which usually gives rise
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to this expression is due in almost all cases to the irritating faeces result-

ing from the associated gastro-intestinal disturbance, and not to thrush.

It is said, however, that in rare cases thrush has occurred on the mucous
membrane of the anus and genitals : the writer has never met with it either

here or in the intestine.

Thrush seldom lasts more than a few days if actively treated, and is of

little importance per se, unless it interferes with the taking of food in the

case of a feeble infant. In the very rare cases in which it spreads down the

oesophagus it has been known to interfere with deglutition (vide GASTRO-
INTESTINAL DISORDERS OF INFANCY).

Treatment.—The mouth should be wiped out carefully after every feed

with a soft piece of rag dipped in glycerin of borax, or the mel boracis may
be smeared over the affected part. In some cases a spray may be more
convenient, and a solution of sodium benzoate or of borax (gr. xv. to §j.) or

sodium sulphite (3ss. to §j.) should be used.

Great care must be taken to keep all teats and bottles which are used

for feeding scrupulously clean, and it is advisable also to have the mother's

nipples washed carefully with some boracic acid lotion after each suckling,

as there is some risk of making these sore otherwise, and some observers

have thought that the mother's nipple may become infected by the thrush

parasite.

It is important to improve the child's condition by appropriate treat-

ment of the diarrhoea or other disorder which may have predisposed to the

thrush, and in some cases, both in infants and in older children, the

appearance of thrush may be an indication for the use of stimulants.
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Stools.—Intestinal Sand.
This article deals solely with the subject of enterolithiasis. Other facts

relating to the stools are dealt with in the article " Faeces," vol. iii.

Enterolithiasis may be denned as the formation of concretions within

the lumen of the intestine. A distinction must be drawn between true

enterolithiasis and pseudo-enterolithiasis. In the latter condition, hard,

scybalous, dried-up faecal masses, gall-stones, or substances which, having

been ingested, have remained undigested, are present within the intestine

and are passed per rectum. The true intestinal concretions are usually of

small size, like sand or gravel, so that the terms intestinal sand and

intestinal gravel appropriately designate the condition. The formation of

larger concretions—intestinal stones or enteroliths—is of still less frequent

occurrence.

Intestinal sand and gravel (Sable intestinal, Gravier intestinal ; Darm-
sand, Darmgries).—This condition is one of considerable rarity, and there

is consequently but little literature on the subject. Attention was first

directed to the condition by Laboulbene in 1873. He recorded six cases.

In the majority of these the said particles consisted of a nucleus of

undigested vegetable cells, around which there was inorganic material,

mainly lime salts. In 1896, Mongour recorded the case of a young woman
who passed in the stools yellowish-white calculi, varying in size from an

orange-pip to a hazel-nut, and composed of organic matter and of calcium

vol. xi 30
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and magnesium salts. In the same year Mathieu and Richaud recorded two
cases, the first that of a woman of twenty-eight years, the second that of a

woman of fifty-two. The sand in both cases consisted of organic matter

and lime salts in varying proportions, and in the second case the sand had
a resemblance to plaster. In 1896 Oddo likewise reported a case. The
patient, a woman of fifty and of gouty stock, passed large quantities of

intestinal sand, composed of organic fsecal matter and of salts of linie and
magnesium. The largest concretions were of round form and the size of a

small lentil. Of the four last-mentioned patients two suffered simultane-

ously from membranous colitis.

Dieulafoy in 1897 put on record eight cases which had been under his

own observation. The youngest patient was a girl of four and a half years,

the oldest a lady of -fifty. From a study of these cases and of those

previously recorded, Dieulafoy concluded that there is an intestinal

lithiasis, comparable to biliary and urinary lithiasis, manifested by sand,

gravel, or calculi, consisting in each case of fsecal organic matter and of

inorganic material in variable proportions, the inorganic matter being

mainly salts of calcium and magnesium. He stated that in many cases

intestinal lithiasis should be considered merely as an indication of chronic

colitis and of membranous colitis, as in the majority of patients mucous
casts were passed from the rectum simultaneously with the passage of sand

or gravel. In other cases intestinal lithiasis is a manifestation of the gouty

diathesis. In some of Dieulafoy's cases the passage of the sand was accom-

panied by few subjective symptoms of a mild character. Other patients

suffered from attacks of severe abdominal pain lasting usually for some

hours, and terminating on the passage of sand or gravel from the rectum.

The frequency of these attacks varied greatly in different cases. In some

they recurred every few days, in others only at intervals of some months.

Dieulafoy's account of the clinical manifestations of intestinal lithiasis and

his pathological observations are the most important that have been

recorded, and although fresh cases have been reported since 1897, there

has been hardly any noteworthy addition to our knowledge of the subject.

A case occurring in a lady, aged thirty, was recorded by Thomson and

Ferguson. The sand when placed in water rapidly sank. It was of

brownish-yellow colour and resembled uric acid. There was no trace of

sclerenchymatous tissue or of magnesium, and the murexide test gave

negative results. The sand consisted of 28*5 per cent of organic and of

71*5 per cent of inorganic matter, the composition of the latter being :

—

calcic carbonate 117 per cent, tricalcic phosphate 87"3 per cent, and in-

soluble residue (silica) 1 per cent. The pigment was thought to be a

substance intermediate between the ordinary bile pigments and stercobilin,

whilst from the ready solubility of the sand in dilute acids, it was thought

that the sand was probably formed in the ileum.

Two cases of intestinal sand in women between thirty and forty years

of age were published by Eichorst in 1900. Both patients were affected

with membranous colitis. The sand in the first case was of greyish-yellow

colour and of earthy consistence, whereas, in the second case, the sand

particles were globular or irregular in form, of a greyish -yellow or pale

brown colour, did not exceed 2*8 mm. in diameter, were hard, and consisted

mainly of calcium carbonate. Sir Dyce Duckworth and A. E. Garrod

recorded a case in 1901. The patient was a woman aged thirty-three, of

gouty stock. She suffered from intractable diarrhoea for two months before

sand was found in the motions, but on every subsequent examination sand

was detected. It resembled uric acid, was reddish-brown in colour, finely
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gritty, and contained 12'4 per cent of water, 26 per cent of organic material,

and 61 per cent of inorganic matter, calcium phosphate being the chief

mineral constituent. Two cases have been recorded by Barton (1901). In
the one the sand resembled uric acid, with occasional small pieces like

quartz or mica, and appeared to consist mainly of insoluble lime crystals

;

the other case was that of a boy who, it is said, passed from the rectum large

quantities of sand, consisting of ammonia magnesium phosphate. Deetz

(1901) records the case of a woman aged fifty. In this case there was no
history of gout either in the patient or in her parents, and she was not

affected with membranous colitis. The small brown sand particles were
spherical or hemispherical in form, with pointed crystalline offshoots from
them. They contained no cholesterin, and did not give the reactions of

bilirubin or cellulose. The main inorganic constituent was calcium

phosphate.

From a consideration of these cases, it appears that intestinal sand and
gravel is most common in women between the ages of thirty and fifty, but
that men and children may also be affected. In some cases the gouty
diathesis seems to be an etiological factor of some importance, and in the

majority of cases the patient suffers from colitis, diarrhoea, or constipation,

or gives a history indicating some antecedent inflammation of the intestinal

mucous membrane. The quantity of sand passed at any one time varies

from an amount so small as only to be detected on careful examination of

the faeces, to several teaspoonfuls, or, as in some cases, to " an enormous
quantity." The passage of the intestinal sand or gravel may be unaccom-
panied by subjective symptoms, but in most cases there are attacks of

severe abdominal pain, recurring at variable intervals of time, and lasting

usually for some hours, the pain being general throughout the abdomen or

more intense in some particular region, such as the right or left hypo-

chondrium, the epigastrium, or the region of the csecum. The pain may
be accompanied by vomiting and flatulent distension of the abdomen.

The condition has to be diagnosed more especially from biliary and
renal colic, appendicitis, and gastric ulcer. The passage of gall-stones per

rectum may lead to error in diagnosis, but gall-stones if numerous are

facetted and differ in composition from true intestinal concretions, which
contain both organic and inorganic material, the latter being mainly calcium

and magnesium salts.

On microscopic examination, true intestinal sand is readily differentiated

from that form of pseudo-enterolithiasis in which the so-called sand consists

of sclerenchyma. Sclerenchyma cells, hard, thick-walled vegetable cells,

are present in abundance in pears, and the individuals who are reported to

have passed " sand " consisting essentially of sclerenchyma cells, have

usually been in the habit of eating this fruit in more than moderate

quantities. Cases of this nature have been recorded by Eichorst, Furbringer,

Bel^pine, Naunyn, Shattock, and others. The " sand " in these cases con-

sists of small, irregular, pale yellowish or greyish-brown, exceedingly hard

particles, and these when examined microscopically are seen to be thick-

walled vegetable cells. The amount of sand passed in these cases is often

considerable. In Shattock's case the patient would, after an aperient,

" frequently pass as much as two ounces of the sand."

The formation of larger intestinal stones or enteroliths is likewise of

rare occurrence. Of these it is usual to distinguish three forms :—(1)

Concretions composed chiefly of phosphates, and formed around a foreign

body such as a fruit stone, dead parasite, or gall-stone, which constitutes

the nucleus of the concretion. It is to ingestion of much indigestible
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vegetable material, or of earth or sand, that the formation of such enteroliths

is mainly ascribed, and we may note that phosphatic stones, consisting

mainly of ammonia magnesium phosphate, together with hair, bran, or

other foreign substance, are of common occurrence in the intestine of the
horse. (2) Faecal concretions, consisting mainly of undigested vegetable
material or dried faeces, partially impregnated with phosphates of calcium
and magnesium. (3) Concretions resulting from ingestion of medicinal
substances. These stones are usually composed of calcium or magnesium
carbonate. The patient has as a rule previously suffered from hyper-
chlorhydria, and calcium and magnesium salts have been taken in large

quantities over a prolonged period of time, and remaining in the intestinal

canal have formed a solid mass of large size. In such cases of pseudo-

enterolithiasis, calculi consisting of sodium bicarbonate, calcium carbonate,

and magnesium carbonate, are recorded by Langenhagen, and calculi of

magnesium carbonate by Spillmann. Calculi of this nature may, moreover,

be in part composed of salol (Leo), bismuth, etc.

The treatment of enterolithiasis must be directed to the relief of pain
and to the cure of the causal condition. Dieulafoy recommends opium,
intestinal lavage, appropriate diet, and mineral water such as that of Vichy.

Eichorst's first patient was successfully treated by regulation of the diet,

by abdominal massage, laxatives, and rectal injections of warm saline

solution.
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The visual mechanism which controls a pair of normal human eyes is

capable of directing the visual axis of each to the same point of an object

simultaneously. This point is termed the " point of fixation."

If the object be sufficiently remote (e.g. at the horizon), the infinitesimal

convergence of the visual axes may practically be disregarded, and the eyes

are said to be in their " primary position " with axes parallel.

By exercising the function of convergence the point of common fixation

can be brought to within a few inches of the face, and by codjugate vertical,

lateral, and torsional movements of the eyes a vast area of space is brought
within the range of simultaneous fixation.
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Definition.—Strabismus (squinting) is the term applied when the visual

axes do not cross (or do not appear to cross) upon the point of fixation.

Strabismus may be

I. Apparent, or II. True^

Apparent Strabismus.— 1. Epicanthus.—In children an appearance of
convergent squint may be due to a fold of integument overlapping each
inner canthus and obscuring the nasal side of each globe—Epicanthus.
If the redundant skin be pinched into a vertical fold, the deformity dis-

appears. It commonly undergoes spontaneous cure by the forward growth
of the bridge of the nose.

2. Angle Gamma.—The angle formed at the rotation point of the eyes
between the optical axis and the line of fixation is termed the " angle
gamma "

(y). Its average size is 5°. The centre of the cornea lying to the
outer side of the line of fixation, it is evident that the anatomical relation

of the cornea to the sclerotic may have an appreciable effect on this angle
and on the apparent direction of the eyes.

The further the centre of the cornea lies to the outer side of the line of

fixation (i.e. the larger the angle gamma), the more an appearance of

divergence will be given to the eyes, whereas the nearer it lies to that line,

or still more when it lies to the inner side of it, an appearance of con-

vergence will be imparted.

It is worthy of note that a large angle is usually associated with hyper-
metropia, and a small or negative angle with myopia. We shall see later

that the apparent squint induced is just the reverse of what is commonly
found associated with refractive errors in true squint.

Cases of apparent strabismus can be easily eliminated by any one of the

methods mentioned later for the detection of true strabismus. For very
young children the observation of the symmetrical position of the corneal

images of an ophthalmoscopic mirror may be specially commended.

II. True Strabismus

may be paralytic or non-paralytic.

The former is due to paralysis of one or several of the external ocular

muscles, and is usually recognised by observing :

—

(1) That the excursion of the eye being limited in the direction of

action of the paralysed muscles, the primary deviation of the eye varies

according as the eyes are turned more or less towards the affected muscle,

and the secondary deviation is greater than the primary (see " Ocular
Muscles," vol. viii.).

(2) That diplopia is complained of or can be soon elicited (by examina-
tion in the usual way with a red glass before one eye and a candle-flame as

the test object) ; that the distance between the images increases as the eyes

turn towards the paralysed muscle, and if the sound eye be closed the

affected eye exhibits false projection, mistaking the actual position of objects

(see " Ocular Muscles," vol. viii.).

When we speak of strabismus ordinarily we mean the non-paralytic or

concomitant variety in which

—

(1) The angle of squint remains constant in whatever direction the eyes

are turned, except during the act of accommodation with associated con-

vergence, and in general convergence is less marked because less easily
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performed in looking up than in looking down. Further, for any one point
of fixation the angle of secondary deviation is equal to the angle of primary
deviation.

(2) Diplopia is not complained of. It can be elicited in most cases with
considerable difficulty by special methods, but the distance between the
images remains the same whichever way the eyes are turned.

The presence of a squint in pronounced cases is so obvious that it

can scarcely escape the attention of any ordinary observer, but without
thoroughly understanding what really constitutes squinting, a false diag-

nosis may be made where no squint exists, or a minor deviation, say of 5°

or less, may be overlooked even by a trained observer unless some special

test is applied. There is a popular notion that to create a squint one has
only to converge the visual axes forcibly towards the root of the nose.

But since in this movement both eyes turn through an equal angle and
are directed towards a common point of fixation, there is no actual

squinting.

Latent Strabismus.—A tendency to squint may be latent but habit-

ually overcome by voluntary effort in the interests of binocular vision.

This may be termed a swperdble squint. Being thus disguised when both
eyes are available for simultaneous fixation, no deformity is visible, and yet

the patient may suffer much discomfort from the extra strain on one or

more of the ocular muscles.

A squint which cannot be overcome by voluntary effort may be described

as insuperable, and to this class the great majority of obvious squints

belong.

The Detection of Strabismus.—Alternate Exposure Test.—The
simplest means which can be employed without any apparatus is to

direct attention to some small, remote, but well-defined object, preferably

on a level with the eyes (or with the head thrown back it may be at a

higher level, e.g. a chimney-top). The observer should place himself before

the patient in such a position that he can easily watch the eyes without
interfering with their lines of vision to the object selected, and then rapidly

slip the back of his hand or an opaque card in front of one eye of the patient.

If the remaining exposed eye possesses sufficient vision to see the object and
has been exercising correct power of fixation, it will remain unmoved, but if

it instinctively turns towards the object of regard, it reveals at once the

faultiness of its previous position.

Let the cover next be quickly transferred from the first to the second

eye, and note whether the former remains with fixed gaze on exposure or

alters its position. If the muscular equilibrium of the eyes is perfect

(" orthophoria "), no movement will be detected. If any movement of

adjustment occurs, strabismus is at once revealed.

A converging eye must rotate out, a diverging eye must rotate in, a

vertically deviated eye must turn down or turn up to correct the faulty

direction of its visual axis. It is well to repeat the alternate covering

several times in succession to secure the relaxation of a latent or superable

squint, and to make certain that the patient is trying to fix steadily and
not moving the eyes needlessly. A glance behind the obscuring hand or

card will in most instances show that, if the exposed eye has adjusted itself,

the covered eye has assumed the squint.

It now becomes evident that the movement of adjustment (" redress ")

is not due to the rotation of one eye alone, but to a conjugate movement
of both eyes.

If one eye is very amblyopic or has a central scotoma, it may fail
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to correct its position through inability to see the object selected. In
such cases the squint is usually very pronounced, constant, and " mono-
lateral."

If the vision of one eye is decidedly keener than that of the other, the

possessor learns instinctively to use the better eye by preference for

fixation, and when both are uncovered, the less keen eye appears as the

habitually squinting eye. There is usually an associated difference of

refraction. There may be an unequal retinal capacity for vision.

Alternating Strabismus.—One may often observe a squinter spontane-

ously fixing first with one eye and then with the other, while squinting all

the time. This is usually a sign of approximately equal acuteness of

vision in the two eyes, and a good omen for successful treatment. By the

alternate exposure test, as above described, the great majority of squints

can be made to exhibit alternation, but only the spontaneous cases deserve

the title " alternating."

A squint may sometimes not reveal itself until a definite stress is

thrown upon the function of convergence.

Having applied the alternate cover test to the eyes, fixing a distant

object, it should be repeated, while attention is fixed on a near object such

as the tip of the finger or, better still, a pin-point held at ordinary reading

distance. The alternate covering may now reveal a perfect maintenance
of equilibrium or a true convergent strabismus, or the covered eye may
appear to turn outwards by relaxation of convergence.

Variable Squint.—In many persons, but especially in children, the

degree of squint may vary greatly at different times, being increased by
emotions of excitement, surprise, joy or fear, by digestive disturbance or

fatigue.

It may so completely disappear at times that it is difficult to reveal its

presence by any method. This is one of the best proofs that squinting

depends on a disturbance of central innervation and not on peripheral

muscular inequalities.

To detect the smallest deviations in the visual axes and especially those

which are latent, there is no surer method than the Maddox Eod Test

(" Ocular Muscles "). The only difference between " heterophoria " and
' squint " is in the application of the former term to designate the

minuter deviations which can only be revealed by refined methods of in-

vestigation.

Classification of Concomitant Squints.—Looking to the relative position

of the eyes, the usual classification is as follows :

—

1. Strabismus Convergens (" Esophoria ").—The visual axes turn in-

wards and cross in front of the eyes.

2. Strabismus Divergens (" Exophoria ").—The visual axes turn out-

wards and cross behind the eyes.

3. Strabismus Ascendens or Sursumvergens.—The visual axis of one

eye trending to a higher level than the other ; or

4. Strabismus Descendens or Deorsumvergens.—Where the visual axis

of one eye trends towards a lower level than the other. These last two
deviations are included in the term " hyperphoria," and all four are com-
prised in " heterophoria."

Clinically we recognise squints as

—

(a) Latent (either superable or too

small to be noted by inspection), or (b) manifest (insuperable)
;

(c) alternat-

ing, or (d) monolateral, including strabismus fixus ; (e) constant, or (/)
periodic (intermittent, accommodative, or variable). (See "Etiology of

Squint," p. 473.)
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Strabometry.—Various means have been devised for measuring the

degree of squint present.

In the linear method, the well-directed eye is covered. The patient is

asked to direct the squinting eye to a distant object. A suitably prepared

millimetre scale is held close against the lower lid margin, so that the zero of

the scale coincides with the vertical meridian of the cornea. The better eye

is now uncovered ; if as usual it assumes fixation of the distant object, the

weaker eye turns in or out to resume ;its convergent or divergent mis-

direction. The number of millimetres of departure of the vertical meridian

of the cornea to the one or other side of the mesial zero can now be read

off on the millimetre scale and recorded. This method is of some value as

a preliminary to the operative treatment of strabismus by advancement of
a rectus muscle. But since in concomitant strabismus the visual lines

cross at a definite angle, the size of this angle is the measure of the

squint.

The angular method may be objective or subjective. Practically all

the objective methods are based upon the relative position on the two eyes

of the corneal image of a bright object. If both eyes are simultaneously

directed towards a candle-flame, a small erect image of the flame will be

reflected practically from the centre of each cornea. If the eyes are now
slowly averted from the fixed flame, the images will appear to an observer

to travel towards the corneal edge just in proportion to the extent of

rotation of the eyes, until the reflections come no longer from the cornea

but the conjunctiva and sclerotic of each eye. A similar observation may
be made and with greater exactitude with an ophthalmoscopic mirror. If

the patient be directed to fix his attention on the central aperture of the

mirror, the visual line of the observed eye coincides with the visual line of

the observer's eye, and the point of the cornea which is intersected by the

visual line of the fixing eye is thus most accurately determined. The
observation may be made with daylight, the patient having his back to a

bright window, or with artificial light in the usual ophthalmoscopic

manner.
If the corneal images occupy symmetrical positions, no squint is present.

But if one corneal image is central and the other appears displaced inwards

or outwards, upwards or downwards, squint is revealed. For very exact

observations it must be remembered that the centre of the cornea does not

often coincide precisely with the visual line, nor with the centre of the

pupil. But for making a rough estimate of the deviation Hirschberg
showed that, given fairly well-centred pupils of medium size (3*5 mm.), if

the corneal image on the deviating eye appears to stand at the edge of the

pupil, there is from 15° to 20° of squint, and that this estimate may be

increased to 45° if the image rests on the corneal border.

Priestley Smith measures strabismus by means of a double tape and an
ophthalmoscope. The one tape, a metre in length, is held by the patient

against his temple, and extending to the handle of the observer's ophthalmo-
scope preserves that distance between them. A second tape, graduated

and numbered, extends from the ophthalmoscope to the surgeon's dis-

engaged hand, and passing between his fingers is weighted to keep it

taut. The observer, throwing the light first on the fixing eye, notes its

approximately central corneal reflection, and then turning the mirror

towards the squinting eye, notes the eccentric corneal image. The patient

is now requested to follow the line of the tape from the mirror towards the

surgeon's free hand, which is gradually withdrawn in such a direction as

may be required until the corneal reflex appears to the observer to occupy a
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normal position on the squinting eye. The rotation of the eyes thus
measured by the tape represents the angular deviation of the squinting
eye.

Another application of the same principle is found in the Maddox Tangent
Strabismometer for one-metre distance, which can be affixed to the wall of

any room. It consists of a long board graduated in tangents of degrees on
either side of a central zero. A small candle is fixed just in front of this

midpoint on the scale, and a string one metre in length depending from
the same point affords a ready measure of the patient's distance from
the scale. " Placing the patient facing the candle at the metre distance,

the surgeon introduces his own head between the two, but a little lower
down, about a foot away from the patient, and so that the root of his own
nose is vertically under the rays of light which proceed to the patient's-

eyes. At once the tell-tale corneal reflections reveal which eye is the
squinting one." The amount of squint is then measured by making the
fixing eye look along the scale from cipher to cipher until the corneal
image on the squinting eye appears to be no longer eccentric. "Any
vertical element in the squint can be similarly measured by the temporary
adjustment of a vertical scale after measuring the horizontal element ; the
vertical scale being placed under the figure on the horizontal scale which has
been previously settled on, the patient being made now to look at that
figure on the vertical scale which brings the reflection to the fixation

position " (Maddox).

Yet another method consists in holding a small candle-flame before the
fixation point of a perimeter, and then moving the flame along the arc of
the perimeter until the observer's eye, the candle-flame, and the centre of

the cornea of the squinting eye are all in line. If the fixing eye has all

the time been directed to the zero of the perimeter, the degree of deviation

of the squinting eye can be easily read on the perimeter scale.

All of the above are objective methods, but in some cases where double
vision can be elicited, a subjective method can be employed. For this

purpose we may most conveniently use the Maddox five-metre tangent
scale and rod test, the patient himself reading off the figure on the scale

which appears crossed by the streak of light.

The Etiology of Squint.—Very few infants squint at birth. Un-
certain movements, slight temporary nystagmus, and transient spasms of
convergence are occasionally noted in the earliest months of life. Strabis-

mus more often appears after the intellectual faculties have expanded
sufficiently to allow of a desire for accurate visual impressions.

It must be remembered that whatever inherited tendency to harmonious
co-ordination of the ocular movements a child may receive from its

parents, it must learn for itself to direct its eyes simultaneously to a

common point and to maintain binocular fixation upon that point even
during movements. Javal has emphasised the extreme precision which is-

required to secure perfect coincidence of the retinal images. Out of this

experience grows a sense of satisfaction in the avoidance of diplopia, a
fuller appreciation of the solid shape, size, distance, and relative position

of objects, and the " fusion faculty " once aroused becomes an instinctive

habit. Such appears to be the normal evolution of binocular vision.

If there be perfect symmetry of the orbits, of the ocular muscles and
their controlling nerve centres, if the refraction of each eye be similar and
the capacity for retinal perception be equally acute, the habit of fusion

must be easily acquired. But if one eye has for any reason a difficulty in

playing its part in the visual duet, the faculty of fusion may never be
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properly developed or may be beyond the possibility of acquisition by that

individual, and the eye which is under disadvantage is likely to become a

squinting eye.

It is interesting further to note that after the fusion faculty has been

acquired, it may be lost by disease. Thus it is a common experience that

if an eye suffers a serious loss of vision, e.g. by the incidence of corneal

opacity, or long-standing cataract, or destructive disease of the fundus, it

tends to diverge from its fellow. In some persons, however, the habit of

harmonious direction having been once acquired is so well preserved by the

innervating centres that even blind eyes may maintain an appearance of

normal equilibrium.

The most fanciful explanations are often put forward by the laity as

to the cause of a squint. Some impediment to the vision of one eye while

lying in the cradle, the evil example of a squinting nurse or playfellow

leading to imitation, or some sudden shock or fright are among the

commonest causes assigned. These may generally be dismissed as factors

of no real importance. Let us look into the matter more closely.

Convergent strabismus is by far the commonest variety. Its most usual

onset is between the ages of two and six, when a child is beginning to

exercise accommodation with precision, learning to enjoy picture-books, or

later commencing lessons.

Donders first drew attention to the frequent association of hyper-

metropia and hypermetropic astigmatism with this form of squint. He
pointed out that in normal eyes the functions of accommodation and

convergence go hand in hand. A young hypermetrope must exert his

accommodation to focus even a distant object, and if the instinctive human
habit of convergence of the eyes is not resisted at the same moment, he will

find himself looking at a nearer point than he intended and receiving a

double image of the object which he desired to fix. He must then either

relax his accommodation and convergence and accept a single ill-defined

image, or dissociate his accommodative from his convergent impulse, or

maintaining accommodation and convergence to the extent required for

clear definition must turn both eyes to the right or left by a conjugate

lateral impulse so as to allow one eye to fix the object and let the other

appear to do all the squinting. That this latter plan is the one usually

followed in the production of convergent strabismus there can be no doubt.

It affords at once an explanation of the reason why when both eyes are

open the " fixing " eye is always the eye with the keener vision, why when
one eye is covered the squint commonly " alternates " as mentioned in the

earlier part of this article, and to some extent why it is " concomitant."

"While there is much truth in this ingenious explanation, it is not the whole

truth. There is not such a constant relation between accommodation and

convergence. If there were, then all hypermetropes should squint, those

with slight error squinting little, those with high refractive error squinting

much. Actual observation does not bear that out. There may be hyper-

metropia and no squint. There may be little hypermetropia and much
squint or vice versa. By most persons the acts of accommodation and

convergence can be performed separately or judiciously blended in such

proportions as to maintain binocular fusion and avoid squint. The desire

for single vision is the real safeguard.

Donders' theory appears, however, to be the true explanation of the large

class of periodic (accommodative) squints in young persons. Carried

further, it seems to explain the lessening of convergent squint which is

often noted as age advances and accommodative power weakens.
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Divergent strabismus may be explained in the same kind of way,
especially when, as is so often the case, it is associated with myopia of

unequal degree in the two eyes and with defective vision in one eye. A
myope in looking at any object requires to exert no accommodative power
until it lies between him and his farthest point of distinct vision, namely
the point in space which represents the conjugate focus of the fovea of his

fixing eye. The higher the myopia the less need for accommodation. It

is not unreasonable to suppose that in some individuals this predisposes to

a lessened activity of the associated centre for convergence. But owing to

the fact that myopia is not often present in the first years of life, being
gradually developed in adolescence or at least after the fusion faculty has
been acquired, persons with myopia of equal or nearly equal amount and
with good vision in each eye preserve the fusion faculty, and exercising

convergence with little or no impulse to accommodation, do not squint.

But if the myopia be of very high degree, the maintenance of the strong
convergence required to maintain fusion at a plane so near the face {e.g. in

reading without glasses) becomes irksome and is gradually relaxed.

Further, if one eye be much more myopic than the other, or from any
cause, congenital or acquired, has poor vision, it receives so little retinal

stimulus to fusion that the innervation impulses sent from the centre of

convergence become feeble by disuse. Thus a tendency to " insufficiency of

convergence " induces first a latent divergence of the visual axes, then an
occasional deviation outwards of the weaker eye during inattention, fatigue,

indisposition, or attempted strong convergence for a near point, and finally,

permanent divergent strabismus. The proper exercise of convergence
giving place to a conjugate lateral movement, the squint may alternate

voluntarily or be made to show alternation, just as in convergent strabismus,

by alternate covering of the eyes.

Strabismus ascendens or descendens is more often latent than manifest.

Like the commoner forms already discussed, it doubtless originates in some
obstacle to facile fusion, some structural or functional asymmetry of the
elevating or depressing muscles or their nerve centres. By the voluntary
exercise of special muscular effort in the interest of binocular fusion it

can often be overcome, and only manifests itself when an impediment to

vision is present in or before one eye. Here again " alternation " of the
squint can usually be demonstrated, the one eye ascending to fix, the other

descending.

A combination of vertical and lateral strabismus is not uncommon.
The mobility of the eyes in squint varies in different individuals, and

should always be tested. Many people imagine that the marked inversion

of the deviating eye in convergent strabismus is comparable to talipes of the

foot, and associated with a contracture of the internal rectus of the affected

eye, or a palsy of the external rectus, and that in divergent strabismus these

conditions are reversed.

Such a conclusion is never justified until the full range of possible

movement of the eyes has been tested. This may readily be done by
directing the patient to fix one's finger tip, and then without turning
his head to follow the finger with his eyes as it is moved to the right

or left, up or down, or approximated to the root of the nose. The action

of single muscles is thus fairly brought out, as well as the conjugate

lateral, conjugate vertical, and convergent capacity.

In more refined diagnosis the angular excursion of each eye may be
accurately measured by moving a fine test object along the arc of a peri-

meter, noting the limit of fixability, and comparing it with the normal
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range. In convergent strabismus it is not at all uncommon to find some
restriction in the direction of action of each external rectus, but (except

in the rare condition known as " strabismus fixus," in which there is

apparently some congenital adhesion to the inner side of the globe re-

stricting movement) each eye can usually be turned voluntarily outwards,

and there is no rigid contracture of the internal recti.

Similarly, in divergent strabismus we can usually demonstrate readily

that each internal rectus is well able to rotate the eye towards the nose
under a conjugate lateral impulse, and that it is to the weakness or

instability of the function of convergence that the deformity must be
assigned.

The State of Vision in the Squinting Eye.—An eye which habitually

squints has almost invariably a higher refractive error and poorer vision

than its fellow, even with a correcting glass. Some are congenitally

amblyopic. Some have a central scotoma and are incapable of vision

with direct fixation under any circumstances. Others have obvious

disease of the media or fundus. All of these conditions lessen the retinal

perception and facilitate the mental suppression of the diplopia, which
might otherwise be expected to annoy the squinter.

The question has often been discussed as to how far the defective vision

is the cause or the consequence of squinting. The answer seems to be that

in a majority of cases it precedes the squint and is an important factor in

its production by interfering with the fusion faculty. But considering the

great improvement of vision which can be sometimes secured by solitary

systematic exercise of a squinting eye, there can be little doubt that the

defect may be increased and the squint aggravated by disuse of an eye
(amblyopia exanopsia).

The Treatment of Strabismus.—The ultimate object is the develop-

ment or encouragement of the fusion faculty ; and the earlier it can be
applied the better the prospect of cure.

Optical Treatment.—The first need for eyes capable of fixation is the

correction of any refractive error, in order to secure defined retinal images,

and in hypermetropia to relax accommodative strain.

In convergent strabismus the accommodation should be paralysed with
homatropin or atropin to estimate the total hypermetropic or astigmatic

error, if any, and should be kept paralysed for some time (three or four

weeks at least) to break the habit of persistent accommodation and to let

the wearer depend on the glasses. The effect of this treatment is most
marked in accommodative strabismus, the squint often disappearing as soon

as the glasses are put on, but reappearing when they are removed if fixation

is attempted. Their constant use, however, often breaks the squinting

habit, and these cases generally gain greatly in aesthetic appearance, and a

few actually acquire binocular vision.

Cases of unequal myopia and of anisometropia associated with a

tendency to divergent strabismus (if capable of maintaining convergence
by voluntary efforts) often derive great benefit also from the regular use

of correcting glasses.

In a large proportion of cases the defective vision of a squinting eye

prevents it from utilising fully the optical benefit conferred by the

spectacle lens, and the next stage of the treatment consists in the system-
atic, preferential, or solitary use of the feebler eye.

Treatment by Solitary Exercise.—In convergent strabismus this may be

secured to a certain extent by continuing the application of atropin to the

good eye but not to the weaker one. The latter then retains the advantage
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of accommodation, and may now become the fixing eye by preference. To
ensure this with more certainty, it is better to cover up the good eye with
a shade so accurately adjusted to the contour of the skin around the orbit

that this eye cannot be used at all. The refractive correction must at the
same time be continued to the uncovered eye. The immediate effect of this

is merely to transfer the squint to the excluded eye without actually

lessening its amount, and if that were all, the method would be valueless,

but the real object of the treatment as now applied is to stimulate the use
of the bad eye and induce in it a desire to play its part subsequently in

vision with both eyes open. To be most effective the shade should be worn
constantly. Javal of Paris has devoted many years of assiduous labour to

studying the results of the above method, and to him also is due the credit

of introducing the orthoptic treatment by stereoscopic exercises to a recog-

nised place in ophthalmology.
Orthoptic Treatment.—The first essential for its successful employment

is a consciousness of diplopia, and if this is not already present, it must be
created if possible.

It may be elicited in some cases by placing a prism base downwards
before the deviating eye and using a candle-flame in a darkened room as a
test object. A red glass before one eye heightens the contrast between the

images. Javal recommends that a large sheet of cardboard should be held
vertically between the two eyes, one edge resting against the nose and
brow, and that the flame be held at about 2 metres distance. If double
vision is not at once appreciated, alternate exposure of the eyes should be
employed to rouse it. The experiment must be repeated frequently and
daily until diplopia is established without any artificial assistance. The
next stage requires the use of a stereoscope, with + 6d sph. lenses in place

of the usual prisms. The patient must also wear his proper correcting

spectacles.

To a normal pair of eyes a pair of stereoscopic pictures seen through
the lenses at their focal distances will appear single, and this without any
accommodative or convergent effort. To a squinter they will appear double

(if conscious of his diplopia). By gradually diminishing the distance be-

tween the pictures the patient should at length be able to fuse them into a

coincident impression. The distance must now be daily increased and the

exercise continued until fusion is secured in the normal position. Only
simple geometrical figures or elementary pictures in which each unit of the

pair is the complement of the other unit should be employed.

Worth has introduced an ingenious stereoscope (" Amblyoscope ") con-

sisting of two tubes (each containing a lens and mirror), so shaped and
hinged as to enable them to be adapted to the angular deviation of the eyes,

and each carrying a transparent test object at the focal plane of the lens,

both lens and test object complying with the conditions mentioned above.

Each tube can be separately illuminated. By increasing the brilliance of

the illumination of the image which is falling on the defective eye and
weakening, if need be, that of the better eye, the sense of diplopia is

aroused. The pictures being dissimilar can be readily described by the

patient, and being gradually brought together their combination presents

some new feature for description. The exercise consists in a gradual

training to fuse the images. This method seems specially useful for young
children. Priestley Smith's " heteroscope " deserves mention as another

recent device for orthoptic exercises.

Controlled or Bar-Reading.—A further means of encouraging binocular

reading, advocated by Javal, consists in holding an opaque rod such as a
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pencil vertically between the eyes and the printed page at such distance

that the letters which are shut off by the rod from one eye are visible to

the other, and reading with both eyes open can be carried on un-
interruptedly, provided each can take its share.

It is, however, only the slighter cases of strabismus or those which
have been rendered slight by operation, which are capable of cure by
orthoptic exercises, and it must be confessed that the results are often

very disappointing, probably because the treatment is not applied early

enough.

Operative Treatment.—This should never be undertaken until some or

all of the above methods have been exhausted, nor should it be re-

commended in young children whose powers of innervation are necessarily

immature, and whose visual powers are undeveloped.
In convergent strabismus of 15° to 20° the simplest surgical remedy is

the division of the internal rectus of the squinting eye. The average effect

of a single tenotomy is found to be a reduction of convergence by about
15°. If the primary deviation amount to, say, 35° to 40°, the effect may be

divided between the two eyes by tenotomy of each internal rectus.

Great care must be exercised, especially in young persons, not to

produce too full an effect, indeed it is a safe rule to leave a few degrees of

convergence uncorrected by operation, for as life advances the convergence
spontaneously lessens and may give place to divergence if the internal

recti have been weakened too much. Many surgeons prefer to advance the

insertion of the external rectus muscle instead of tenotomising the internal

rectus, claiming that it gives a better range of mobility, as well as a better

cosmetic result. For slight cases, a simple tenotomy is more expeditious,

requires less after-treatment and is practically satisfactory to most people.

Where the squint exceeds 35°, and in all cases where the outward
movements of the eyes are feeble, advancement of the external rectus,

combined with tenotomy of the internal rectus is demanded. In the worst
cases the combined operation may be necessary for each eye before the

deviation can be satisfactorily remedied.
In divergent strabismus, simple tenotomy of the external rectus is

seldom of much benefit, and except in the slighter degrees of insufficiency

of convergence, the advancement of the internal rectus is to be preferred,

or must be superadded.

For an account of the usual methods of performing these operations,

the reader should consult any text-book of ophthalmic surgery.

Vertical deviations of slight degree are usually relieved by the use of

prisms in the correcting glasses, but if causing annoyance or disfigurement,

operative benefit may be obtained by tenotomy of the superior rectus of

the upturned eye or the inferior rectus of the downturned eye or both.

LITERATURE.—V. Graefe. Arch. f. Ophth. i. 1, p. 82; ii. 1, p. 284; Symptomenlehre
der Augenmuskelliilimungen. Berlin, 1867.— Donders. Anomalies of the Refraction and
Accommodation of the Eyes. London, 1864.

—

Hansen Grtjt. "Pathogeny of Concomitant
Squinting," Trans, of the Oph. Soc. U.K. vol. x. 1890.

—

Javal. Manuel du Strabisme.
Paris, 1896.

—

Maddox. Tests and Studies of the Ocular Muscles. Bristol, 1898.

—

Priestley
Smith. Trans. Oph. Soc. U.K. vol. xviii. p. 17.—C. Worth. Ibid. xxi. p. 245.

Strychnine Poisoning. ^Toxicology.

Suffocation. jSfee Asphyxia ; Medicine, Forensic.



SUICIDE 479

Suicide.

Introduction .

Statistics .

Sex, Age, Occupation

479
480
481

Season of Year . . . 482
The Alleged Increase of Suicide 482
Legal Kelations . . .483

The extent to which suicide prevails in any country will largely depend
on the social organisation and the ethical and religious opinions of the

people. From the medical point of view, however, the most important
question is its relation to soundness or unsoundness of mind. In every
country it is resorted to both by the insane and by persons who are sane,

as the word is usually understood. Attempts have been made to estimate

the proportion which persons recognised as insane contribute to the total

number. Wynn Westcott, deputy coroner for Middlesex, estimates it as

20 per cent, and Professor Kraepelin of Heidelberg estimates it as 30 per cent.

It is certain, however, that a large proportion of the reputedly sane persons

who commit suicide are not, strictly speaking, of sound mind. The only

persons with really sound mental organisation who commit suicide are those

who do so by deliberate and reasoned choice, preferring death to some evil,

such as dishonour, which they consider greater than death. In the great

majority of cases where no pronounced insanity is recognisable, suicide is

committed by persons burdened with the neuropathic inheritance, and
having more or less of the mental defects and the imperfect nervous organ-

isation of the degenerate. These are the persons who yield to such causes

as disappointed hopes, disappointed affection, feelings of shame, anger,

jealousy, injured vanity, and also to the influence of suggestion. In these

persons the mental organisation is often in a state of such unstable equili-

brium that very slight causes are sufficient to produce a morbid impulse.

Examples of the ease with which they yield to the suggestion of suicide are

furnished by the succession of imitative acts which have followed certain

suicides of startling and appalling character, such as those committed by
leaping from well-known heights like the Monument in London, the Suspen-
sion Bridge at Clifton, the Dean Bridge at Edinburgh, and the Campanile of

Giotto at Florence. A singular example occurred in the Hotel des Invalides

at Paris, when fifteen of the inmates hanged themselves in the course of a

fortnight from a hook in a dark lobby of the Hotel. On the removal of the

hook the hideous sequence came to an end. Another remarkable instance

occurred at the camp near Boulogne in 1805, when several soldiers succes-

sively blew out their brains in the same sentry-box. The fashion did not

cease until the sentry-box was burnt. Closely related to the effect of

suggestion is that of opportunity—that is, the existence of facilities for

committing suicide. The absence of such facilities may prevent a passing

impulse to suicide from being carried into effect ; while the handling of lethal

weapons or poisonous substances may both suggest such an impulse, and
present the means of giving effect to it. The practical importance of re-

cognising such considerations is illustrated by the statement of Mr. W. H.
Millar of the Army Medical Department :

" In the eight years," he says,

"preceding the order in the year 1869, which took away ball cartridges from

the soldiers, the suicides were 122, whereas in the eight years following

that order they fell to 63."

It is in cases of one or other of the forms of melancholia that the

insane most frequently commit suicide ; but there are few of the clinical

groups into which insanity is divided in which states of depression leading

to suicide may not occur. The suicidal tendency is often strongest in the
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early stages of melancholia and in the states of depression which occur at

the commencement of the insanities of advanced life. Not infrequently an
attempt at suicide is the first recognisable indication of an attack of insanity.

Among the insane the emotional factor is much more powerful in producing
suicide than the intellectual. In some cases, often in the most suicidal,

there is little appreciable intellectual disorder. There is depression unaccom-
panied by any definite delusion. There is a loss of interest in the outer

world, the consciousness,which becomes almost entirely subjective, is shrouded
in inexplicable gloom, and the dejection is increased by the inability to

account for it. When delusions are formed they take their colour from the

emotional atmosphere in which they are developed ; and such delusions, as

self-accusations, are often the result of efforts to find an intellectual basis

for the previously existing depression. Suicide among the degenerate may
also be the result of definite suicidal obsession, a beleaguering imperative
idea impelling to self-destruction, often seizing hold of the mind suddenly,

and therefore specially dangerous. These obsessions do not become part of

the personality, and the patient often strives hard to resist them. In both
acute and chronic alcoholism the suicidal tendency is frequent, especially

when it is implanted on the neuropathic constitution. It is useful to take

note also that suicidal acts have been known to occur in automatic conditions

such as are associated with epileptic seizures.

It is often said that the impulse to suicide is strongly hereditary, apart

from the mere transmission of a mental organisation specially liable to

sombre obsessions. The belief is founded chiefly on remarkable instances

that have occurred of the descendants of suicidal ancestors killing them-
selves, often at the same age and in the same manner as their ancestors did.

It is difficult, however, in such cases to determine how much should be

attributed to heredity, and how much to the influence of suggestion. The
prevalence of such a belief tends to bring about its own realisation, as the

following case given by Falret shows. A young woman who had been
taught that suicide was strongly hereditary was informed that an uncle on
her father's side had killed himself. She was greatly depressed by this, and
had fears as to her own future. While she was under this depression her

father himself committed suicide, and this so affected her mind that she

attempted suicide. But her mother, being then seriously alarmed for her

child, confided to her that her reputed father was not really her father, and
that therefore her ideas about the fatal heredity were baseless. From that

time the depression gradually abated, and the girl regained complete sound-
ness of mind.

Statistics of Different Countries.—There is no branch of vital

statistics in which it is necessary to be more guarded before drawing
inferences than the statistics of suicide. In no country are the official

figures altogether accurate or complete, and the principles upon which they

are collected differ so greatly that comparisons between the statistics of

different countries must be made with some reserve. Subject to this

caution, however, the following table may be accepted as based on the most
trustworthy data that are available :

—
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Numbers of Suicides by Different Methods in European Countries

(a) Bates per Million of Population
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Hanging . 24 6 82 7 102 119 229 52 199
Drowning 16 16 5 52 12 58 36 70 19 35
Gunshot . 5 3 3 23 12 44 21 32 11 9
Cut, Stab 13 10 5 5 2 12 6 8 8 4
Poison 9 6 1 4 3 8 7 10 8 5
Otherwise

Total .
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It will be seen that the table represents the extent to which suicide

occurs as very different in different countries ; and it is undoubtedly true
that great differences exist. The table also shows that in most countries
suicide by five methods—hanging, drowning, gunshot, cutting or stabbing,

and poison—includes more than 90 per cent of the whole number of cases.

Of all the methods, suicide by hanging may be accepted as yielding the
most trustworthy figures, such deaths being seldom either concealed or

attributed to any cause except suicide. The first section of the table gives

the average annual rates per million of population, and this is the most
instructive section. The second section shows the percentages for each
method calculated on the total number of suicides. This is given chiefly

because it presents the statistics in the way most frequently adopted by
writers on the subject, not only in regard to the methods of suicide, but
also in regard to the sexes, ages, occupations, and other details. It leaves

out of account, however, the proportion to population, which should never
be lost sight of; and its too frequent use has led to important misconcep-
tions. For example, Morselli, founding on such figures, states that the
number of suicides by cutting and stabbing is greater in Italy than in

France, though a glance at the rates per million of population shows that
such suicides occur more than twice as often in France.

Sex and ' Age.—Men commit suicide more frequently than women,
except at the period of adolescence, when the frequency is about equal.

Between the. ages of 20 and 35 there are in England and Scotland an
average of about 2 males to 1 female, between 35 and 65 about 3 males to 1

female, and over 65 about 4 males to 1 female. Both male and female rates

rise as age advances, and reach their maximum in most countries between
the ages of 45 and 65, the male rates in England and Scotland being then
between 250 and 300, and the female rates between 80 and 90. In some

VOL. xi 31
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countries, such as England and Scotland, the male suicides exceed the female

in the proportion of less than 3 to 1 ; but in other countries it is more than
4 to 1. Two illustrations may be given here of the errors arising from
using percentages on the total number of suicides. Legoyt, founding on
a statement showing that 27 per cent of the suicides are committed by
women, says that it is in England " que les femmes se tuent le plus,"

though the number of suicides by women per million of the female

population in England is only 36 ; and the corresponding rates are for

Prussia 70, for Denmark 110, and for Saxony 130. In the same way,
Morselli says that the Spanish women " commit more suicide than any
other Europeans," though the figures on which he bases the statement give

only 10 female suicides per million of the female population.

Occupation.—Dr. Ogle has given, in a paper on suicide in England
and Wales, the most useful statistics that we possess bearing on the relation

between suicide and occupation. He avoided many of the complications

which tend to obscure the issue, by restricting his investigation to males,

and to those only between 25 and 65 years of age, when the influence of

occupation is most strongly felt. The inquiry covered 6 years, 1878-83.

The results showed that, as a general rule, the more an occupation involves

hard physical labour the lower is its suicide rate. Exceptions to this rule

are the occupations presenting inducements to intemperance, such as inn-

keepers and publicans, which have very high rates. Of the liberal profes-

sions the clergy alone have a low rate. The rate for soldiers is much
higher than any other.

Season of the Year.—The constancy of the seasonal curve for suicide

is very remarkable. In all countries where records have been kept the

suicide rate is lower in winter than in summer. In the northern hemi-

sphere suicide is everywhere least frequent in the months of November and
December, and the rate gradually rises from that time forward to May and
June. After June it falls again steadily to November. In the southern

hemisphere the curve is reversed, being lowest in May and June, and
highest in November and December. The limits of the present article do

not permit of a discussion of the causes of this seasonal distribution ; but

it may be noted that the course of the curve is not due to the influence of

any one mode of suicide. The curve for hanging is the same as the curve

for drowning.

The Alleged Increase of Suicide.—It is impossible within the limits

of the present article to discuss this question satisfactorily. It may be

stated, however, that the figures on which the allegation of an almost

universal increase is based are not entirely trustworthy. The writer has

discussed the question elsewhere as regards England and Scotland {Proceed-

ings of the Royal Society of Edinburgh). Two facts may, however, be

mentioned, showing that in these countries at least the allegation is not to

be accepted without question. One is that in both England and Scotland

the suicides by hanging, which give the most trustworthy figures, show no

increase during the thirty years 1865-94. The other is that deaths from
wounding (gunshot, cutting, and stabbing) show no increase during the

same period, though there has been an increase in the number of such deaths

attributed to suicide, the increase in the number attributed to suicide being

almost exactly counterbalanced by the decrease in the number attributed

to accident. In order to avoid misconception, it is perhaps desirable to say

that a detailed examination of the official figures throws no doubt on the

view that the amount of suicide varies according to locality, In Scotland,

for instance, the eastern counties show much higher suicide rates than the
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western counties, and this preponderance persists over a series of years. It

does not seem possible to attribute this altogether to more careful registra-

tion in the eastern counties, though that may partly account for it

;

because the predominance shows itself most steadily in the rate for

suicide by hanging, which is the rate least dependent on careful registration.

In the eastern counties of Forfar and Kincardine, where the rates were
highest, the rate for hanging was an annual average of 26 per million for

the years 1877 to 1885, and again 26 per million, for the years 1886 to

1894 ; and in Lanark and the other western counties south of the Firth of

Clyde the corresponding rates were 14 for the years 1877 to 1885, and
13 for the years 1886 to 1894.

Legal Kelations.—By the law of England suicide is a felony (felo

cle se). At one time it involved ignominious burial, but this was abolished

by a statute in 1823 and an amending statute in 1882. The rubric in the

Church of England Book of Common Prayer, which forbids the office for

the burial of the dead to be used in the case of a suicide, is, however, still

in force. Suicide was also attended with forfeiture of goods and chattels,

but this ceased in 1870, when all forfeitures for felony were abolished. In
Scotland it still involves the penalty of single escheat except in cases of

insanity. In both England and Scotland any person aiding and abetting

another in committing suicide is guilty of murder, and if two persons con-

jointly try to commit suicide, and only one dies, the survivor is technically

guilty of murder. An unsuccessful attempt at suicide is in English law
a misdemeanour. At present the tendency is to allow all the penal con-

sequences of suicide to fall into disuse. Suicide may come into relation

with civil law in connection with marriage, will-making, or life assurance.

In regard to the first two, it comes into question only as evidence of insanity

for the purpose of setting aside a marriage or a will, and it has not been
held in either case to be in itself sufficient evidence for that purpose, even

when the suicide occurred within a day or two after a marriage or after

making a will. In regard to life assurance, it used to be the custom to

insert in the policy the proviso that suicide rendered it void. This proviso

is, however, now seldom given effect to. Some offices have abolished the

proviso, and others now limit its operation to a fixed period varying from

six months to seven years from the date of issue of the policy. In cases

where suicide occurs within these periods, or when there is no expressed

exemption from forfeiture, offices generally act liberally by making sub-

stantial payment, such as the surrender value or the amount of the

premiums paid under the policy.
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ficial. The more chronic results of prolonged residence in hot localities, or

exposure to the influence of high temperature in sundry occupations, belong

to the domain of climatology and tropical diseases or to the hygiene and

pathology of particular industries. These results are mostly of slow and com-

plex causation, and the operation of high temperature is generally associated

with other concomitant and intermediary conditions which produce a wide

and somewhat indefinite range of disturbed health, that may assume the form

of general enfeeblement, or of some particular functional or organic disorder,

most commonly of the heart. The more sudden and severe effects of exposure

to great heat are of a striking and definite description, and present the pheno-

mena either of shock or fever. Under these two categories all cases of sun

or heatstroke are included. Cases of heatstroke may vary in intensity from

simple exhaustion or slight transient fainting to profound unconsciousness

and grave failure of respiration and circulation, rapidly established and

quickly terminating in death. Cases of heat fever also vary in severity.

The fever may supervene on shock, or originate cle novo ; may arise with or

without prodromata ; the actual invasion is usually sudden and the pro-

gress rapid ; the temperature of the body soon attains a high level, and in

aggravated cases symptoms of extreme urgency, presenting an apoplectic

or asphyxial type, supervene and usher in early dissolution. The nomen-

clature of the subject is rather confused. Such terms as sunstroke, heat-

stroke, insolation, calenture, ictus solis, coup de soleil, and coup de chaleur,

are applied to either shock or fever of thermic causation of any sort

or degree. The term heat -traumatism has been used by Manson (1) to

indicate the worst cases of shock and cases of fever with meningitis. The

milder forms of fever have also been designated ardent fever. The severer

forms of heat fever have been named thermic fever, thermic hyperpyrexia,

heat apoplexy, and heat asphyxia. Siriasis (from Sirius, the dog star) is an

ancient appellation which has been revived recently by Sambon (2), adopted

by Manson, and associated with a hypothesis of specific type, epidemic inci-

dence, and microbic causation. The name is a fanciful one, suggestive of

sidereal influence, implying a faulty chronology, and bound up with an

improved etiology. Its continued use does not appear, under these circum-

stances, to be desirable. Maclean (3), following Morehead, recognises three

types of heatstroke—the cardiac, the cerebro-spinal, and the mixed; the

first two terms indicating heat shock and heat fever, and the third a com-

bination of the two. These pathological designations are perhaps more

definite than the phenomena justify. In the present state of our knowledge

the simple divisions and terms which have been indicated, namely, heat shock

and heat fever, are sufficiently precise and explicit, and will be employed in

this article.

Causation.— Excessive heat is the essential and dominant factor in

causation. It is convenient to distinguish solar or luminous heat from high

atmospheric temperature, whether derived from the sun or from an artificial

source. From time to time assertions have been made that the influence

of these two forms of heat upon the body differs, and since the discovery of

the so-called X-rays by Eontgen, surmises have been advanced that the

deleterious effects of luminous heat, especially on the nerve centres, are due

to these or similar elements. On this subject no satisfactory evidence has

been adduced ; but as regards solar heat it is of practical advantage to dis-

criminate between direct and indirect exposure, that is, between exposure to

the rays of the sun or to a sun-heated atmosphere ; because, apart from any

question of the properties or powers of special rays, the heat of the un-

clouded or thinly clouded sun is considerably higher than that of the
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atmosphere, and there are grounds for believing that the element of glare

intensifies the deleterious effect of radiant heat. The noxious effects of heat
are not altogether measured by its degree, though intensity is a condition

of prime importance. The experiments of Tillet, Fordyce, and Blagden in

the last century, and of many observers in more recent times, show that

the human body may be subjected unscathed to very high degrees of tem-
perature provided that the exposure is not too prolonged and the individual

is in sound health. Experience in tropical countries proves that an atmos-
pheric temperature considerably exceeding blood heat and a still higher
degree of direct sun heat may be endured for considerable periods by healthy
persons without harm. There are other conditions— geographical, climatic,

hygienic, and personal—which affect the influence of heat upon the body.
Popular observation has determined that it is not frank dry heat within
certain limits that injures, but moist, sultry, or " muggy " heat. It is not
necessarily the hottest places, or years or seasons, as indicated by the ther-

mometer, which produce most cases of sunstroke, and its geographical inci-

dence is by no means a question of latitude or isotherms. The topical con-

ditions associated with sunstroke are these :—an alluvial soil ; a low level

;

a sea-coast, river basin, valley, or ravine ; a moist atmosphere ; stagnation or

stillness of air, and impurity thereof, caused by jungle or swamp. Hot
years and hot months are not so dangerous as years and times when both
heat and humidity are high. It has been ascertained in India that the

majority of cases of heat apoplexy in the European army occur not in the

hottest months, but just before and after the rains, when much moisture is

present in the air. It is possible, therefore, to define a geographical distri-

bution of sunstroke, and Hirsch (4) has collected a considerable amount of

information on this subject, the accuracy and value of which is doubtful

on account of uncertainty of diagnosis, and the fragmentary character of

the data. Sunstroke is necessarily more common in the tropics, because

the essential factor of heat is there ; and more common in some tropical

countries, India, for example, and in some parts of these than in others,

because the adjuvant conditions, topical and meteorological, are localised.

Its occurrence in the tropics is by no means confined to the land ; cases

often occur in 'ships sailing in tropical waters—in the Persian Gulf and Eed
Sea, for instance—where excessive moist heat and glare and calms are apt to

prevail. Cases and outbreaks also arise in overcrowded vessels, as in the

examples from the French navy cited by Maclean. When sunstroke appears

in temperate latitudes it is under conditions which may be truly described

as tropical. Waves of heat of short duration often overspread parts of

Europe and America in late summer or early autumn, which in cities, and
among persons exposed to the sun in field labour, or when walking on hot

pavements, or working in foundries and furnaces, are apt to prove disastrous.

Such a heat wave passed over the Argentine Kepublic in February 1900.

The air temperature mounted up to 104° F., the barometer was low, and the

humidity over 50 per cent. * In the town of Buenos Ayres, with a popula-

tion of 795,000, there were, between the 1st and 13th of February, 1110

deaths, of which 121 were caused by sunstroke. Men were struck down as

if by lightning. Similar experiences have been recorded in New York,

Boston, and Philadelphia, and in Vienna, Berlin, and Paris. Most of these

cases are of the nature of heat shock, but many of those not immediately

fatal develop fever. In armies marching on service, or undergoing

manoeuvres during such heat waves, numerous cases of sunstroke, many of

them fatal, are not uncommon. Hirsch gives many examples from Euro-

pean history, and a painful illustration occurred at Aldershot on the 11th
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of June 1900, when, during some manoeuvres, out of a strength of 18,000,

300 cases of sunstroke took place, of which four proved fatal. Great heat is

competent in the tropics, and even in temperate latitudes, to cause disaster

on a large scale. In some parts of India, and in some years, hot winds
blow which cause extensive mortality among natives of the agricultural

class. This exceptional event is known among them as loo mama (wind
stroke). The year 1868 was remarkable for the severity and deadliness of

the heat, which affected animals as well as men. The influence of heat is

materially modified by conditions of a communal and personal kind. Over-
crowding and defective ventilation, giving rise to a moist, impure air, are

the most potent of these. The action of the skin and lungs, the principal

cooling agents of the body, is impeded, the general health weakened, and
the power of resistance crippled. Sanitary neglects, leading to atmospheric
contamination and depressed vitality, are also important. Occupations
involving labour in heat, solar or artificial, as in the case of stokers, predis-

pose to injury by exceptionally raised temperature. Prolonged subjection

to heat tends to diminish tolerance owing, probably, to fatigued accommoda-
tion. The element of acclimatisation is also an important one. Com-
munities and individuals whose lives and habits have not been attuned to

high solar and atmospheric temperatures are apt to succumb when these

rise suddenly and exceptionally. Eacial distinctions are well illustrated by
the statistics of the European army serving in India, as contrasted with those

of the native army, and of native prisoners. The returns compiled by the

Sanitary Commissioner with the Government of India for the years 1895-98,
indicate an admission rate per 1000 of strength of the European army of

4 -

6, and a death-rate of 0'9 from sunstroke and heat apoplexy. In the

native army the corresponding rates were 0"3 and 0*14, and the rates for

native prisoners in all Indian jails were l'O and 0"4. These figures prove
a considerable excess of liability and mortality among British soldiers, while

the conditions as regards accommodation and exposure are more favourable

for Europeans than for natives. The latter are by no means exempt from
serious consequences entailed by exposure to thermic influences under
unfavourable circumstances. Take as an illustration this extract from a

frontier campaign by Fincastle and Elliott-Lockhart (5) :
—

" The 35th Sikhs
marched into Dargai en route to relieve the troops holding the Malakand
Pass early on the 30th of July 1897, many of them so overcome by the

heat that they succumbed immediately on their arrival. There was no ice,

and the only water available was lukewarm ; and these stalwart Sikhs,

nineteen of whom died, lay scattered about in every stage of heat

apoplexy."

Closely related to the question of race is that of temperament. White
races are more arthritic and sanguine than bilious or neuro-bilious dark
races. Stout, full-blooded persons are less tolerant of heat than spare, wiry
folk. Sexual liability is held to be considerably in favour of women, on
account, doubtless, of the greater exposure of males to exciting causes.

Children are comparatively exempt for the same reason. Women attached

to the European army had, during the years 1895-98, an admission rate of

l
-

9 and a death-rate of 1-2, and children Tl and -

5. The women, there-

fore, had fewer but more severe seizures than the men. New arrivals

in tropical countries are more prone to succumb to heat than old residents,

probably because of the better adaptation of the latter to their environment
by habituation and habits. The statistics of the British army in India

prove this ; but after a time protection seems to be lost and liability to

increase. Resistance seems to be weakened by strain, and the power of
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adaptation seems to age as does that of accommodation of the eye. Of
the more strictly personal conditions predisposing to sunstroke alcoholism

is the most serious. This is a well-established fact. Occasional or habitual
excess impairs nervous power, predisposes to vascular irregularities, and in

time damages organs and tissues concerned in processes necessary for

maintaining a uniform temperature. Excess in eating, especially of animal
food and fats, also tends to enhance liability. Clothing is of great import-
ance from the points of view of protection of the head and spine, interference

with respiration and circulation, weight and tightness, and impediment to

cutaneous evaporation ; the evil effects of unsuitable clothing and the
wearing of heavy accoutrements, such as metal helmets, leathern stocks,

tight, heavy cloth tunics and cross belts, and weighty knapsacks, are amply
illustrated in the history of the British army. Maclean gives several

striking examples in his lectures. Excessive muscular exertion causing
fatigue is a most potent adjuvant of the worst effect of superheating.

Muscular action generates heat, quickens respiration and circulation, and
loads the blood with waste products, and fatigue impairs resisting power.

It has also been found by experiment that the coagulation of myosin which
occurs at a temperature of 113° F. takes place at a somewhat lower
temperature in tired muscles. Pyrexia of malarious or other origin is like-

wise a strong predisponent on account of its debilitating effect, and mainly
by reason of the upset of the thermotaxic function of the nervous system.

Heat fever may be superadded to any other fever in the tropics, and the

resulting hyperpyrexia is very deadly. The subjects of organic disease of

heart, lungs, or kidneys are peculiarly amenable to thermic overthrow.

Finally, depressed health of whatever description or origin lays its victim

open to easy surrender to exceptional heat.

In most cases of sunstroke a combination of these causes is at work.

The suddenness of seizures and seriousness of cases impart to the event an
importance which the incidence and mortality even at the worst hardly

justify. The victims are always a minority, often a very small minority of

a community. The partial and exceptional operation of a general cause is

due to the element of personal susceptibility. Seizures on the whole present

a sporadic rather than an epidemic aspect, and are apt to be simultaneous

or to occur within a limited period which is strictly defined by the duration

of excessive heat. The incidence resembles, as regards communities, the

effects of extreme cold, the conditions and causation being strictly analogous.

When numbers are attacked in either case the resemblance to an epidemic

is superficial and unreal.

Symptoms.—(1) Of Heat Shock.— Cases of simple heat exhaustion

present great lassitude, accompanied by muscular pains, vertigo, nausea

with pallor and weak pulse, and perhaps clammy sweating. Soldiers so

affected have to " fall out " on the march, and to be left behind or carried.

Heat syncope exhibits the usual symptoms of fainting. There is sudden

unconsciousness, which may be more or less profound, the face is pale, skin

cold and clammy, pupils dilated, breathing shallow and quick, pulse weak
and rapid, temperature normal or sub-normal. In severer cases respira-

tion and circulation are more seriously affected and may stop suddenly.

In other cases, when restorative treatment fails to bring the patient

back to consciousness, signs of febrile reaction appear, flushing of a cyanotic

character may succeed pallor, and a rapid rise of temperature with symptoms
of heat fever supervene. Illness in these cases is often grave and pro-

tracted, and a fatal issue not uncommon. In simple cases of exhaustion or

fainting recovery is generally early and complete. Headache, giddiness,
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and lassitude may succeed the attack and persist for a time. Persons in

bad health, or suffering from organic disease, are more prone to seizure, and
the exciting cause may be either exposure to the direct rays of a hot sun or

to superheated air. Cases of rapidly fatal shock usually arise from the
action of radiant solar heat, and convulsive phenomena are sometimes
observed. When thermic fever succeeds heat shock, symptoms of meningitis

sometimes appear, and nervous sequeke of a serious character, which will be

subsequently described, often result. In all cases of sunstroke frequent

thermometric observations should be taken.

(2) Of Heat Fever.—Ardent fever is a vague term which has been
applied to any pyrexia presenting very active phenomena, such as pungent
surface, high temperature, flushed face, noisy delirium, and bounding pulse.

There is a hot weather febricula in India which manifests symptoms of this

kind ; but how far heat enters into its causation it is difficult to judge.

True thermic fever, or thermic hyperpyrexia as defined and described by
Dr. H. C. Wood (6), is a disease of greater gravity, and characterised by very
definite and uniform features. The onset of this fever is commonly sudden
and may occur during day or night, under exposure or in shelter—while

marching, or working, or resting, or sleeping. Attacks in the army often

occur in tents, barracks, or hospitals, and the first intimation of illness may
be the stertor of coma rousing comrades from their sleep. Prodromata are

present in a certain proportion of cases. They betoken nervous depression

and disorder, and consist of giddiness, headache, lassitude, low spirits, sleep-

lessness,- irritability of temper, anxiety, aural and visual illusions, muscular
and arthritic pains, with, in some instances, anorexia and vomiting, hot skin,

and quick pulse. Increased frequency of micturition has been described

by Barclay (7) and Longmore (8) as a significant harbinger. Persons
suffering from symptoms of this sort ought to be kept under careful watch.
In many cases there is an initial stage of excitement. The temperature
rises rapidly to 106°-109° F. ; the face is flushed; conjunctivae congested;
there is great restlessness, often violent delirium ; severe cephalalgia, and
the pulse is hard and bounding.

The fully developed attack, and it may set in without preliminary
warning, may be described as a mixture of coma and asphyxia. Uncon-
sciousness is profound

;
patient cannot be roused. The face is flushed,

frequently livid, and the conjunctiva? suffused. The conjunctival reflex is

lost, and other reflexes are dulled or absent. The pupils are dilated, normal,
or contracted, and usually equal. In bad cases they fail to act to light, and
contracted pupils often dilate towards the end. The skin is usually hot
and dry, but may be bathed with profuse sweat. The breathing is rapid,

often stertorous, with mucous rales, becoming irregular or intermittent

(Cheyne-Stokes). The pulse is feeble and rapid, rarely slow, sometimes
irregular or intermittent. The temperature is high, the thermometer
marking 108° to 110° F. The bowels are usually constipated, but in some
cases there is watery diarrhoea. Urine is scanty or suppressed, and may
contain albumin, blood corpuscles, and casts. Subsultus occurs in many
cases, and local spasms or general convulsions in some. Towards the close

the sphincters may relax, the breathing becomes gasping and spasmodic, and
finally ceases, and stoppage of the heart takes place soon after. The disease

may run a fatal course in a few hours, and is seldom prolonged beyond a

few days. Sometimes after partial recovery a relapse occurs which is

generally fatal. In cases which recover the symptoms are of a less severe

type, the temperature falls, reflexes if lost return, consciousness is gradually

restored, and the patient's condition slowly improves. Convalescence may
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be very tedious, and nervous sequelae of a severe and disabling kind may
persist for long or for life.

Sequelae.—All forms of sunstroke impair the power of resisting heat,

and are also apt to weaken the tolerance of alcoholic stimulants. The after

effects of heat shock are generally slight and transient, but thermic fever

frequently causes great and often permanent impairment of the nervous
functions. Headache, giddiness, insomnia, loss of memory, diminished
power of attention and concentration, and easily induced physical and
mental fatigue, are common consequences which may persist for months or

years, but sometimes yield to time, prolonged rest, and residence in

temperate latitudes. Irritability of temper, excitability and flightiness,

emotional manifestations, altered habits, loss of self-control and moral
decadence, are not infrequent results of severe seizures, and in persons of

unstable nervous organisation intellectual or emotional insanity may ensue.

Epilepsy is another of the graver sequelse, and various disorders of sensibility,

motility, and the special senses have been described. Persistent and incur-

able headache has been attributed to meningitis. A defect of articulation

resembling that which is characteristic of general paralysis of the insane is

occasionally met with, and this may be associated with a considerable degree

of general muscular paresis. In such cases, of which the writer has seen

several examples in the Netley Hospital among soldiers invalided from
India, there is no exaltation, morbid euthanasia, or other indication of

disordered intellect. From these various conditions, which affect mainly the

higher neuron, incapacities of a serious and permanent kind may arise.

Morbid Anatomy.—Cases of heat exhaustion and syncope are seldom

fatal, and the post-mortem appearances observed are said to be the same as

in cases of syncope due to physical or mental shock of any description,

namely, flaccid, dilated heart, distension of the abdominal veins, and perhaps

some venous congestion of viscera possibly arising at or after death. The
right heart is more dilated than the left and full of soft clot, and the

arterial side of the circulation is comparatively empty. In fatal cases of

heat fever characteristic and fairly uniform appearances are met with.

The excessive temperature subsides slowly ; after, perhaps, having undergone
slight post-mortem rise. The surface is livid and there is suggillation of

dependent parts. Post-mortem rigidity sets in quickly. The body is prone

to early decomposition. The heart is firmly contracted, and the arterial

system empty while the veins are distended. A^enous congestions are seen

everywhere. The blood is dark and fluid, clotting imperfectly, deficient in

oxygen, and inclined to acidity. The corpuscles are crenated and do not run
into rouleaux ; destruction of red corpuscles and phagocytosis have been

described. The lungs are engorged to a degree not met with in any other

disease. In cases of sudden death from exposure to great heat it is surmised

that coagulation of the cardiac myosin has occurred before death, as has been

observed by Claude Bernard, Sandes, Brunton, Wood, and others, in animals

subjected to excessive solar or artificial heat. Wood considers that coagula-

tion of myosin in the heart, diaphragm, and other muscles is a post-mortem

occurrence and associated with hyperacidity. No organic brain lesions

except signs of chronic meningitis in old .cases have been described. Von
Giessen has observed a parenchymatous degeneration of the ganglion cells of

the brain and spinal cord, which he attributes to the action of a toxin.

Congestion, inflammation, and haemorrhages are very rare, and if present are

probably accidental or secondary. The brain tissue, as shown by Arndt and
Nothnagel, is rather ansemic than hyperaemic.

Etiology.—Little if any advance has been made in our knowledge of the
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pathology of sunstroke since Dr. H. C. Wood wrote in 1872. The theories

which have been advanced on the subject may be classed as dynamic,
chemical, toxic, and microbic. The dynamic theory which Wood advocates

recognises that the uniform temperature of the animal body is maintained
by an adjustment of the balance between heat production or reception and
heat dispersion—thermogenesis and thermolysis, and the nervous system,

general or special, is the agent of adjustment—thermotaxis. Hyperpyrexia
may result from increased thermogenesis, impaired thermolysis, or deranged
thermotaxis, or from a combination of these. Healthy subjects have a high
power of adaptation to great heat, but this power may undergo strain and
fatigue, and the thermotaxic mechanism thus get out of gear. The theory
obtains support from the fact that those conditions which produce suscep-

tibility of the vulnerable minority are precisely such as increase production,

impair dispersion, and derange the nervous balance ; also from the impaired
power of resistance established by one attack. The chemical theory postu-

lates a change in the composition and structure of the solids and fluids,

more especially of nervous tissue, wrought by heat. No organic or structural

change has been demonstrated with the exception of the acidity and coagula-

tion of myosin of muscles, the antemortem occurrence of which is held to

be rare.

The toxic theory which is expounded by Maclean assumes an alteration

in nutrition, metabolism, and excretion, produced by thermic influence,

which loads the blood with poisonous waste products to the operation of

which the hyperpyrexia is due. No doubt humoural impurities are pro-

duced in thermic and other fevers, but they are obviously of secondary
rather than primary origin. Experience and experiment indicate that

sound subjects may, under sufficient provocation, undergo the -worst forms
of heat attack without warning or antecedent ill health. The microbic

theory advanced by Sambon, in the absence of discovery of any special

micro-organism or toxin, is grounded chiefly on a priori assumptions and
other logical arguments. Geographical limitations, specific phenomena,
lesions, and sequelae, are held to indicate special causation ; and comparison
with fevers of microbic origin presenting hyperpyrexia to justify an assump-
tion of similar production. The theory is not supported by positive facts, and
is improbable (9). The dynamic theory as ably developed by Wood is most
consistent with our knowledge of the circumstances and phenomena of sun-

stroke. Even if a toxic condition of blood were demonstrated as a primary
factor preceding the onset of serious symptoms, its operation would still be

governed by the agencies and processes which produce superheating of the

blood, and it is quite certain that this superheating can be caused in both
men and animals by heat alone.

Diagnosis.—Some difficulty may be experienced in deciding whether a

patient who has been found unconscious after exposure to heat is suffering

from the effects of heatstroke or from haemorrhagic apoplexy, or from the

results of alcoholic intoxication or narcotic poisoning. Perhaps, still further

to complicate matters, more than one of these factors may be in operation.

The hyperpyrexia is, under these circumstances, the key to the diagnosis.

Greater difficulty may be experienced in distinguishing heat fever from a

pernicious attack of malarial fever or hyperpyretic forms of eruptive and
other fevers. It should always be borne in mind that persons suffering

from pyrexia of any kind are not immune to heat influences, on the con-

trary, are specially susceptible of these ; so that cases originally of some
other fever may turn into heat fever. The history of the case is a valuable

aid to diagnosis—more especially in suspected malarious attacks— and the
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observation in these of some indication of periodicity, the discovery of Plas-
modia in the blood, and the effect, if any, following, the administration of

quinine, should clear the issue. Convulsive phenomena in thermic fever
may suggest cerebro-spinal meningitis, but careful inquiry as regards onset,

examination of the patient, and study of the symptoms, should dispel

doubt.

Prognosis.—The mortality of heat shock is much lower than of heat
fever. In the European army of India cases are registered under the heads
of sunstroke, heatstroke, and heat apoplexy, the two former terms indicating
roughly heat shock, and the latter heat fever. The case mortality is 9 and
25 respectively. Prognosis turns on the previous health of the patient, the
severity of the noxa, and the gravity of the symptoms. Profound uncon-
sciousness, absence of reflexes, convulsive phenomena, unyielding hyper-
pyrexia, and gravely embarrassed breathing, are bad signs ; but recovery
sometimes takes place in very desperate cases, and after many days' hover-
ing on the brink of death, and this justifies persistent effort and some
measure of hope in the most unpromising plight.

Prophylaxis.—Eacial acclimatization is a long process of physiological

adaptation taking place, from generation to generation under the Darwinian
law of the survival of the fittest. The habits of the acclimatized are an
outcome of the operation of this law, and lend themselves to practical

hygiene. The most noteworthy are indolence and apathy, fatalism, and a

slavish adherence to custom and routine—betokening an instinctive avoid-

ance of work and worry; a simple dietary, consisting mostly of grains,

pulses, vegetables, and fruits, with sparing consumption of fish and flesh

;

temperance ; light, loosa, and porous clothing ; head protection by means of

turbans, umbrellas, wet cloths, thick leaves, etc. ; early rising ; work in the

cooler parts of the day, and rest or sleep during the hotter ; frequent bath-

ing;, shampooing and oiling of the skin; living in thickly thatched and
shaded houses, and sleeping in the open. Many of these habits are worthy
of imitation by persons entering on a tropical residence. When compelled

to make unusual efforts, many natives of hot countries resort to opium and
other nervine calmatives. In associated life in the tropics, the utmost pains

should be taken to avoid crowding and promote cleanliness of habitations

and their surroundings. Pure air and plenty of it is a prime desideratum.

Houses and tents should be located in high, dry, and airy places, and ravines,

swamps, and jungle avoided. Living and sleeping places should be as

thoroughly ventilated as possibla, and punkahs, thermantidotes, and tatties

used. Soldiers should be marched in the cool of the morning, in open order,

with frequent halts for rest and refreshment. They should be as lightly

clothed and equipped as possible, and allowed to free their necks and chests

of all constrictions. Tea or coffee, wTith a biscuit, should be given before

starting, and the hheesti (water carrier) kept in close attendance to supply

drinking water and douches if required. The ' sick and weakly should be

carried in well-covered waggons, and those showing signs of exhaustion

carefully attended to. Inspections should be held before starting to

eliminate those not fit to travel on foot or horse. Horses and cattle are

also liable to suffer from excessive heat if combined with fatigue, and

require attention as well as the men.

Personal prophylaxis depends on avoidance of those influences and habits

which have been indicated under the head of causation, as predisposing to

and aiding the noxious effects of high temperature. Exposure to great

heat, solar, atmospheric, or artificial should be rendered as rare and brief

as possible. If symptoms arise in consequence of habitual or occasional
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exposure, such as headache, giddiness, lassitude, sleeplessness, and irritability

of temper, prompt change to sea or the hills, or to a temperate latitude is

advisable. During exposure to the sun the head and spine should be
specially protected. A great variety of hats and helmets has been invented
and used, but for lightness and efficiency the pith helmet or sola topi is

probably the best. A white cotton cover is useful, a pugri with fall over
the nape is often added, a ventilating chamber and aperture are advisable,

and the rim should extend well over forehead, temples, and nape of neck.

A little cotton wool or a large fresh leaf placed in the crown is recommended.
In view of the possible operation of X-rays it has been proposed to insert a

thin metallic lining in the helmet ; but some experiments made by Major
Dick, E.A.M.C. at Netley indicate that metallic foil, even when doubled or

quadrupled, does not arrest these rays materially, the number of the helmet
on the opposite side being sharply photographed through it.

The spine should be protected by a plate of sola or a piece of cotton
quilting which can be sewn into the coat. Clothing should be light and
loose. Cotton is probably the best material for outer garments, and white
the best colour, but some prefer jute, or silk, or flannel. The underclothing
should be woollen, or a mixture of silk and wool, thin and cellular. Clothes
should be changed as often as they get soaked, and the skin rubbed dry.
" Goggles " are useful to prevent glare and the possible entry of harmful
rays through the eyes. Food should be light and non-stimulatino;, and
alcohol taken very sparingly if at all. Thirst should be liberally satisfied

with cooled or iced water, or aerated drinks ; tea is safe and refreshing.

Physical fatigue and mental worry should be eschewed, and all influences

avoided which tend to depress the health or spirits. Sleep is of great

importance, and all arrangements and expedients conducive to it should be
adopted. Moderate exercise is beneficial, and should be taken in the early

morning or late evening. Violent exercise is dangerous. Bathing is an
invariable daily habit in the tropics. Cold or chilled water is generally

used, but under some circumstances may be risky. A tepid bath after severe

exertion is more safe and soothing. It is important to guard against con-
stipation of the bowels, and promote the free action of skin and kidneys.

Late hours should be avoided, and work after dinner is apt to interfere with
sleep. Any fever, malarious or other, should be promptly attended to and
carefully watched. With good health and care tropical heat, even of high
degree, need not be feared, especially if dry.

Treatment.—(1) Of Heat Shock.—Persons suffering from heat exhaustion
or syncope should be promptly removed to the coolest, airiest, and best

shaded place available, and laid in the recumbent position with the head
low ; clothing should be loosened, neckties, collars, belts, etc., removed, and
smart douching of head and chest resorted to. Should fainting continue,

ammonia inhalations may be employed, a little brandy and water admin-
istered by mouth or rectum, or a hypodermic injection of ether given.

Flicking with wet towels and the application of brandy or mustard to

the preecordiurn are sometimes necessary, and in obstinate cases artificial

respiration may have to be used and continued until the breathing improves
and consciousness returns. The pulse and temperature should be carefully

watched, and subsequent exposure and exertion should be absolutely avoided
in these cases, even when rapid restoration takes place. In cases of sudden
and suddenly fatal seizures caused by acute direct exposure, as in the 98th
Eegiment in China and the 35th Sikhs at Dargai, no time or

opportunity is given for treatment. If coagulation of cardiac myosin
has occurred treatment is obviously hopeless ; but as long as there is
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any indication of life no case of sunstroke should be despaired of or
abandoned.

(2) Of Heat Fever.—Reduction of temperature is the cardinal indication
of treatment in thermic fever. The precautions as regards shade, posture,
and clothing above noted should be promptly adopted. The application of

cold to the surface by means of douching, spraying, packing, baths, ice bags,

towels wrung out of iced water, etc., should be immediate, effective, and sus-

tained. The thermometer should be frequently used, and when a reduction
of body temperature of 4° or 5° F. has taken place the cold treatment should
be suspended or watched. If urgent cerebral symptoms are present a turpen-
tine enema is indicated. Unloading the bowels is advisable in all cases, and
cold enemata assist in reducing temperature. In protracted cases rectal

alimentation may have to be employed. The use of antipyretics is not
advisable on account of their depressing effect. A moderate venesection
may be tried in cases of dilated right heart and embarrassment due to dis-

tended venous trunks. Some physicians advise the administration of

quinine as a routine practice. If there is any suspicion of malaria, quinine
should be given in decided doses and repeatedly, preferably by subcutaneous
or intermuscular injection. Digitalis is recommended by Chandler, forty

minims of the tincture hypodermically. Pilocarpin has been injected in

order to induce sweating when the skin is dry. Cautious chloroform and
ether inhalations are the best means of moderating convulsions and spasms.

Morphia and atropin have been injected in small doses for the same pur-

pose. Prolonged change to a cool climate is imperative in cases of severe

sunstroke. The sequelae of sunstroke are best treated by rest, regimen, and
climate. Counter-irritation, massage, and iodide of potassium are useful

when symptoms indicate chronic meningitis.
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Suppuration is the term applied to a process induced by the introduction

into a living tissue of an extrinsic excitant, which causes at its site a

collection of serum and living leucocytes most of which it kills together
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with the tissues involved as a direct or indirect result of its action. When
these phenomena are present suppuration may be said to have occurred,

and the fluid which collects in the centre of their area of operation is

called " pus." Suppuration is a relative term ; there are microscopic con-

ditions in which some observers would deny its existence, but all agree that

suppuration has occurred where pus is visible.

It must be strictly borne in mind that in the early stages of suppura-

tion, even a few hours after infection, the cellular constituents of pus are

complicated by a proliferation of the cells of the part, and which therefore

may be derived from connective tissue, epithelial tissue, or endothelial tissue,

the exact variety depending on the site of the suppuration. It is necessary

to recognise that there are other cells in the pus besides leucocytes, for

two reasons : first, because it is not often possible to demonstrate pus with-

out at least some of these tissue cells ; and, second, because the presence of

a cell is always an important feature in a process, the exact nature and
significance of which is not thoroughly understood. When considering

this point it is worthy of recognition that non-hsemic cells incorporate

the micro-organisms of infection ; and it is difficult to exclude these cells

in defining suppuration when there is experimental evidence to show that

there may be such a condition as local immunity, apart from general

immunity.
Suppuration may complicate an " ulcer," but to say that suppuration

may be a cause of " ulceration " would not be strictly accurate. It would

be more correct to say that the same processes which end in suppuration

may terminate in an ulcer, the surface of which suppurates. Suppuration

may occur in pre-existing cavities, such as the pleural, peritoneal, menin-

geal, synovial, and endocardial cavities, in bursal sacs, and many bone-

sinuses ; when it occurs in a cavity of its own provocation the disease is

called "abscess." Suppuration may complicate other morbid conditions,

such as biliary, renal, and vesical calculus, and ulceration of malignant

disease, when it must be looked upon as the complication of infection

and not as a sign of these diseases.

Wherever suppuration occurs it may be " acute," " subacute," or

" chronic." An acute suppuration may be said to be present when the

process is mature in about seven to fourteen days ; a chronic suppuration

requires from one month to several months to mature ; a subacute

suppuration occupies an intermediate time in developing. It may be well

to state here that these terms survive from a past era in surgery, when
knowledge concerning the etiology of the disease did not extend beyond

the limits of clinical observation at the time ; these terms were chosen to

indicate the length of time before the process of suppuration became
manifest, and at the same time, by implication, the intensity of the disease.

The essential difference, however, between one suppuration and another is

not a question of time and intensity, but one of cause. It is now well

established that the conditions to which each of these terms apply have a

variety of causes.

Suppuration can be caused by many different kinds of micro-organisms.

Suppurations may differ from one another clinically—they may be acute,

subacute, or even chronic—and yet be caused by the same micro-organism,

or they may resemble each other clinically although provoked by different

kinds of micro-organisms, consequently a diagnosis of "suppuration" or

"abscess" with no allusion to the causal micro-organism conveys an

inadequate conception of the precise nature of the malady ; this is more

obvious when it is realised that it can be determined that suppuration
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is due to staphylococcus pyogenes aureus, or bacillus typhi, or bacillus

mallei, and so forth. Such a precise diagnosis has a marked influence on
the treatment and prognosis ; hence the cause of the suppuration is an
essential feature of the diagnosis, and a bacteriological examination is an
indispensable part of the evidence upon which the diagnosis is established.

From these observations it can be seen that the nomenclature of suppura-
tion has not advanced simultaneously with increased knowledge of the

subject. Doubtless in future the name of every suppuration will in some
way be connected with the micro-organism or micro-organisms by whose
action it is caused ; in this way will be suggested the changes in progress

besides the local lesion,—changes without which suppuration itself would
probably be impossible, and without which the mere liberation of the pus
would be of no avail to stop the disease.

Kocher and Tavel have suggested the terms " staphylomycosis " and
" streptomycosis " for infective processes due to staphylococci and strepto-

cocci respectively, and foreign authors seem to have accepted the titles.

Perhaps it would be more precise to term the suppurations due to these

micro-organisms " staphylopyosis " and " streptopyosis." It is, however,

very difficult to apply to the many hybrid terms by which the different

micro-organisms have gradually become known a method of nomenclature
elaborated on this principle ; the old nomenclature will therefore be retained

in this article. The old names given to the varieties of suppuration when
looked at in a new light are not without their bacteriological significance,

for it will be seen that the micro-organisms which are the causal agents of

acute abscess are only in exceptional cases the cause of chronic abscess and
vice versd.

Etiology.—Suppuration can occur only as a result of an external cause

accidentally or intentionally introduced into the tissues of a living being.

The excitant may be living or lifeless. Although it is necessary to refer to

lifeless excitants, the reader must appreciate the fact that, it is with living

excitants alone he will have to deal when treating a typical malady. To
provoke any form of suppuration by means of a lifeless agent requires

careful and elaborate preliminary precautions,—precautions of a character

so definite and essential that they render suppuration from this cause one

of the rarest events in practice ; to recognise the possibility of its occurrence

is necessary, but beyond that the condition need only be regarded as an

interesting laboratory experiment. There is no evidence to show that

alterations in the biological conditions of animals will predispose to

suppuration induced by lifeless agents. It will clear matters first to

enumerate the lifeless excitants of suppuration
;
prominent amongst these

are dead micro-organisms, products of micro-organisms, croton oil, pyrogallic

acid, cantharides, carbolic acid, turpentine, and abrin ; none of these agents

are capable of multiplication in the blood or tissues of the body.

Prominent among the micro-organisms that occasion acute suppuration

are the following :

—

Staphylococcus pyogenes aureus.

,,
., albus.

„ „ citreus.

„ cereus albus.

,, flavus.

Streptococcus pyogenes.

Bacillus coli communis,
pyocyaneus.

mallei.
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Bacillus typhi.

„ pestis.

Diplococcus pneumoniae.

Micrococcus gonorrhoeae.

,, tetragenus.

Ducrey's bacillus of soft sore.

The most common of these are staphylococci and mixed infection of

staphylococci and streptococci. It is comparatively rare to find an acute
suppuration due to a pure infection of streptococcus pyogenes, and then,

in the writer's observation, the suppuration has usually occurred in

lymphatic vessels which were directly related to an area of erysipelas.

Among the micro-organisms that occasion chronic suppuration the

almost constant excitant is the bacillus tuberculosis ; indeed, chronic sup-

puration and tuberculous suppuration have become almost synonymous
terms, and this too despite the fact that tuberculous suppuration so-called

is rather a process of degeneration than a true suppuration. Slowly form-
ing suppuration can also be induced by oospora bovis (actinomycosis),

bacillus mallei, bacillus typhi, etc. Some recent experiments b}^ Kocher
and others show that other micro-organisms, usually capable of provoking
acute or subacute suppuration, may in certain circumstances cause semi-
quiescent conditions that can only be termed chronic suppurations.

The micro-organisms which cause subacute suppuration are usually

those of acute suppuration. On the other hand, occasionally a virulent

action on the part of a micro-organism of chronic suppuration leads to this

condition.

Other micro-organisms have been found in pus, but convincing proof
that they are the causal agents is still wanting. To this category belong
bacillus anthracis, bacillus oedematus maligni, and certain hyphal fungi,

especially varieties of aspergillus and trichophyton.

Whichever micro-organism be the cause of any type of suppuration it

usually gains entrance by means of a solution of continuity in one of the
body surfaces. It is true Garre rubbed virulent cocci on the skin of his

arm and produced foci of acute suppuration, but there is a strong prob-

ability that in rubbing he made superficial wounds and inoculated them.
The size of the wound is not of fundamental importance. Fatal suppuration
may occur through the infection of a minute wound, and only slight

suppuration may occur through the infection of a large wound ; neverthe-
less, a greater degree of infection is likely to occur in a large wound.
Any infected article that causes a wound may also infect it, or a wound
may be made by a sterile instrument and afterwards become infected.

Modern bacteriological research has clearly proved that one and the
same micro-organism may produce a great number of morbid conditions,

hence it must not be supposed that inoculation by any of the above micro-
organisms will result in one of the varieties of suppuration. Suppuration
is produced only when several factors are so adjusted as to induce this

result ; these may be called the " regulating factors of infection," and can
be divided into two groups :

—

A. Factors connected loith the Micro-organism

1. The particular Kind of Micro-organism.—Some of those enumerated
are more likely to cause suppuration than others ; for instance, as already
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mentioned, staphylococcus is more likely to cause suppuration than strepto-

coccus.

2. Dose-—The dose of those micro-organisms is very Lmportanl whose

virulence may be said to remain fairly constant. Although staphylococcus

pyogenes aureus does vary in virulence, ii is perhaps the mosl constant of

all the micro-organisms that cause acute suppuration. Mr. Watson Cheyne
has demonstrated that 250,000,000 are required to produce acute abscess in

rabbits. Herman found that r>00,000,000 staphylococci produced acute

abscess in rabbits, and 50,000,000 produced the same result in dogs. Tt is,

however, highly probable that these figures are very excessive' in the case

ol man, who seems more susceptible to this micro-organism than the lower

animals.

3. Virulence.—The virulence of a micro-organism is a more important

factor than the dose when the virulence is subject to great variation in degree.

It has been demonstrated by Marmorek and Dr. W. Bulloch that a culture

of streptococcus pyogenes administered in a dose of 2 c.c. caused death in

forty-eight hours, and that by increasing the virulence of the same culture

a dose of half a millionth of a c.c. caused death in seven hours.

4. Method of Inoculation.—If the micro-organism be deposited in masses.

its action is more sure to lead to suppuration than if it be injected in fine

emulsion in a large quantity of fluid. The writer has not seen many cases

of pyaemia, but the majority were admitted into hospital with pus in one

or more places, and cedematous painful points in other parts which sub-

sequently suppurated, and it was uncommon for a fresh undiscovered

spot to become a focus of suppuration. If this is a correct and a common
observation, it would appear that the foci of most subsequent sites of

suppuration are inoculated early in the disease, in fact possibly at the

time of primary infection. The blood or lymph streams may have been

the combined or solitary paths of a general primary in led ion rather than

the paths by which a local infection became disseminated and produced

secondary lesions. The writer has never been able to induce pyaemia in

animals, and therefore cannot speak from experimental evidence upon this

point, but he believes there is reason to suppose that, if the mass of the

micro-organisms inoculated has been from the beginning localised and not

generalised, suppuration will remain local. Upon this point the writer has

recently sought experimental evidence, and although pyaemia could not be

induced, it was found that if an animal were killed five minutes after

inoculation of staphylococcus pyogenes aureus in sufficient dose to cause

only an acute local suppuration in a control animal, even then cocci could

be demonstrated sometimes in the liver and sometimes in the spleen of the

killed animal. Experimental evidence of this kind repeatedly led one to

suppose that, although the mass of the injected micro-organisms caused an

acute suppuration in the subcutaneous tissue at the site of inoculation.

many of them became generalised at the time of injection, but gave rise to

no morbid anatomical changes. This fact will be further alluded to in

discussing recovery from suppuration.

5. Nidus or Tissue in which the Micro-organism is deposited.— Bone,

periosteum, subcutaneous tissue, serous, mucous, and synovial membranes

are common seats of activity for the micro-organisms of suppuration. Some

micro-organisms do not necessarily find a suitable nidus in all these i issues.

Thus micrococcus gonorrhoeas does not act on skin and subcutaneous tissues.

but it is most active on the mucous membranes of the urethra, conjunctiva,

and cervix uteri, and it acts slowly on synovial and serous surfaces. A

diffusing subcutaneous lymphangitis often clears up, leaving foci of suppura-

vol. xi 32
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tion only in the bursse of its track (bursa Patellas and the bursa over the
Olecranon process of the Ulna). In the writer's experience the lips and
cheeks are associated with fatal infection accompanied by isolated collec-

tions of pus more than any one part of the body. On three careful post-
mortem examinations being made, the lower lips and lower parts of the
cheek were involved in two of them, and the face and lips in the other one.

There was no involvement of the Pterygoid Plexus, and the sinuses of the
skull were free from disease ; the lymphatic glands in the neck were in-

volved and contained many micro-organisms. Streptococci existed in one
case. The very vascularity of the part may be the essential factor in the
cause of the danger of this site of infection. The exudation of fluid and
emigration of leucocytes may be so large in amount and of such rapid
accumulation that the capillaries become compressed by them, and hence
the trouble. Micro-organisms of suppuration find uncongenial soil in hair,

nails, cartilage, fibrous tissue, erectile tissue, and arterial tubes (excepting
aneurysms). With regard to blood as a soil, it may be said that the infec-

tion is more likely to give rise to thrombosis than the thrombus to provide
the soil for infection.

6. Purity or Mixture of Infection.—The action of some micro-organisms
is more detrimental to the host in the presence of others; for instance,

streptococcus pyogenes is more active if the bacillus prodigiosus be present,
and the bacillus tetanus is more poisonous when accompanied by a mixture
of infection.

7. Dissemination.—This is a complicated question, but the process is

mainly facilitated when the micro-organism gains access to pre-existing

channels, such as the blood and lymph streams, sheaths of tendons, and
communicating synovial cavities. Dissemination is limited or retarded by
the anatomical relations of the site of inoculation, if that be circumscribed
by fascia or aponeurosis or bone. The motility and flagellation of micro-
organisms .probably have nothing much to do with dissemination.

B. Factors connected with the Host

1. Susceptibility to infection by the micro-organisms of suppuration is

relative. Two hosts in apparently sound health are not necessarily equally
susceptible to the same dose of any one micro-organism. This natural
difference may be increased by general or local disease or by injury.

2. Immunity.—Even in a protected host cold, fatigue, etc., render in-

fection by any of the micro-organisms of suppuration more possible.

For inoculation to induce suppuration these regulating factors must be
so adjusted that only that particular lesion can result ; any alteration of

adjustment, such as increased virulence of the micro-organism or increased

susceptibility of the host, may produce a fundamentally different result,

possibly a rapidly fatal result. The immediate effects of an infection depend
wholly on the adjustment of the factors at the time of inoculation ; the

remote effects are profoundly influenced by that adjustment. The micro-
organisms in the host may increase or diminish in number or virulence, and
the susceptibility of the host may increase or diminish, but the starting-

point of the increase or diminution is the state of the factors at the instant

of inoculation. A subacute or chronic suppuration cannot follow an infec-

tion in such a dose that death ensues in a few hours. This necessary

adjustment of the factors granted, the varying degree in which they are

adjusted will influence the intensity of suppuration.
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If an instrument has infected a wound, and all the regulating factors

of infection are so balanced that an acute suppuration will develop, then
suppuration is induced by the micro-organisms being deposited at the site

of their future activity in one or several of the following methods :

—

1. The micro-organisms may remain at the seat of inoculation, or

2. They may be carried from the seat of inoculation to any of the
efferent lymphatic vessels ; they may reach the lymphatic glands in which
these particular vessels terminate, and thence may reach the general
circulation.

3. The blood-stream may be the carrier of infection, and localisation

may occur anywhere—in liver, spleen, bone -marrow, etc.—or at a part
which has received more or less recent injury.

4. A duct or tube may be the path by which the micro-organisms gain
entrance to those glands and viscera in which the suppuration subsequently
takes place.

The Pathological Anatomy, Symptoms, and Treatment of acute suppura-
tion will be discussed under the heading of acute circumscribed abscess.

Acute Circumscribed Abscess

An Acute Circumscribed Abscess is the result of an inoculation in a

living tissue which provokes a rapid accumulation of pus within a cavity

formed by the process, the excitant of which is localised.

Pathological Anatomy.—An acute circumscribed abscess consists of

the following component elements :
—

I. The micro-organism and its products.

II. The fluid contents or pus.

III. The tissues undergoing proliferation around the pus.

It is necessary to describe these elements separately.

I. The micro-organisms are the most important constituents of an
abscess, and if their presence is not always demonstrable in the pus, they
can generally be found in the abscess wall. The relations between the micro-

organism, the pus, and the abscess wall necessarily depend upon the age of

the abscess. One hour after an inoculation of staphylococcus pyogenes
aureus (this is the micro-organism whose action will be dealt with throughout
the description of acute circumscribed abscess) the cocci are seen chiefly in

the parts immediately killed by the inuculation. They are almost limited

to the dead and coagulated tissues .and fluid (represented now by fibrin).

This limitation is so marked that the coagulated dead tissues may be

incidentally doing good by temporarily fixing the micro-organisms until

their peptonising products liquefy these tissues : a stab culture of staphylo-

cocci in gelatin, a medium which holds them in situ until it is liquefied,

is a somewhat analogous process. To proceed, a few cocci have escaped into

the apparently normal neighbouring tissues, and already some of the

cocci which have reached surrounding structures have been incorporated by
the leucocytes that have just reached the edge of the healthy tissue, and
are there collecting in small numbers around the necrotic area.

At the end of twenty-four hours the micro-organisms and leucocytes

have increased in number. The micro-organisms are seen isolated and

collected in masses among the dead tissues, and in and among leucocytes.

The cell incorporation of cocci has increased with the increased number
of micro-organisms and leucocytes. All parts are involved now, without

regular arrangement, melted and mixed by the liquefaction that has taken

place, the only stable parts being the more resisting fibrous tissue. Out-
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side the liquefied area there can be seen free and cell-incorporated cocci'

but in fewer numbers. Here and there the process is abruptly stopped by
the fibrous tissue supporting the blood-vessels of the parts otherwise
not yet involved. In the adipose and loose tissues the micro-organisms
meet with less resisting soil, and there the process rapidly spreads.

After the lapse of forty-eight hours from inoculation a definite arrange-

ment of the staphylococci begins, and masses are seen collected in the
form of a fairly well-marked tortuous ring within the outer circle of cells

in the cavity of the .abscess ; these cells are chiefly leucocytes. The ring

of cocci can be seen as a violet cloud under the half-inch objective when the

section has been stained by Gram's method. As yet there is no definite

connective tissue wall. A great proportion of the cocci apart from this

well-marked ring are indiscriminately scattered in and among the cells

Fig. 1.—This'section of an abscess is under low power : on the right, b is the abscess cavity ; on the left, c is
the abscess wall in which is seen the collected staphylococci in the form of a sinuous cloud. This abscess
is seven days after inoculation.

suspended in the fluid of the abscess cavity; a few are still to be seen
outside in the tissues.

Between four and five days after inoculation the relation of the micrococci
to the other components of the abscess remains practically the same, but
much more clearly defined. The sinuous cloud of micrococci around the
margin is more distinct ; instead of being chiefly among leucocytes, it is

now in an abscess wall, which is mainly formed from the connective tissue

of the part (see Fig. 1). In this wall leucocytes also abound. Many
more micrococci have become incorporated in cells. Such apparently is the
permanent disposition of the micro-organisms in the abscess. Hence seven
days after inoculation this relationship remains unchanged. The cell-

incorporation of micrococci has become more marked, but still a large

proportion of the micrococci are free in the pus cavity. It is extremely
difficult to demonstrate any cocci outside the now much-thickened wall.

At this point it is important to bear in mind the possible and probable
behaviour of some of the micro-organisms immediately after subcutaneous
inoculation, and hence days before the local effects result in the formation
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of an acute circumscribed abscess. In proof of this possibility the writer

has frequently observed that in animals killed five minutes after they
had been subcutaneously inoculated with a dose sufficient to induce an
acute circumscribed abscess, the livers and spleens contained some of the
micro-organisms inoculated. In most of the control animals inoculated
with the same dose an acute abscess resulted. The presence of these

micro-organisms, and the fact that they do no apparent harm, show the

importance of recognising the value of the factors that regulate infection

immediately upon inoculation. In the case of these generalised micro-
organisms being highly virulent, death would ensue before an abscess

had time to form at the seat of inoculation.

(Concerning the knowledge of the products of micro-organisms, see

under " Micro-oeganisms," vol. viii.)

II. The pus most commonly seen flowing from an acute circumscribed
abscess is a thick, opaque fluid, white tinged with yellow, fatty or greasy
to the touch, possessing a peculiar animal odour, and an alkaline reaction,

(sometimes acid in bone abscesses). It has a specific gravity of 1030, and
patients whose abscesses have communicated with the mouth say it has an
insipid, sweetish taste. This is the so-called " laudable pus." Pus is not
always " laudable," it may be thin and translucent (" ichorous "), or bloody
(" sanious "). Flakes of coagulated material and dead tissue may be
suspended in the fluid. The yellow colour of pus is ascribed to the fatty

degeneration of the leucocytes and to the pigment of staphylococcus

pyogenes aureus ; when white it is ascribed to staphylococcus pyogenes
albus. Sometimes pus is blue, this tint being due to the presence of

bacillus pyocyaneus. The colour depends not only upon the micro-

organism present and the fatty degeneration of the leucocytes, but also

upon the tissue in which it develops. The pus of bone, for example, is

often of grey leaden colour. The pus of a liver abscess is often chocolate

or brownish from mixture with the bile pigment.

The odour of the pus varies. An acute abscess contiguous to the

intestinal wall is often most offensive ; if connected with the urethra it is

often ammoniacal. By some the bacillus coli communis is supposed to be

the chief cause of offensive smell, but this theory practically ignores the

fact that this micro-organism may exist in purity in many odourless

abscesses. The odour is often due to an infection mixed with non-patho-

genic micro-organisms of putrefaction.

Gas may be present in pus as a direct product of micro-organisms, or

owing to the abscess communicating with the respiratory or alimentary or

genito-urinary tract.

The above variations of colour, reaction, smell, and so forth are

supposed by some surgeons to be of value in the diagnosis and prognosis of

the- case. Thus "laudable " pus is supposed to indicate a good prognosis.

It would be of advantage to be able to give weight to these characteristics,

but implicit trust must not be placed, in them. The evidence upon which
to found a prognosis is bacteriological. The fact that an acute abscess is

provoked by staphylococci is a better foundation for saying that it is likely

to end in complete recovery, than a prognosis to the same effect based upon
the " laudable " nature of the pus, for " laudable " pus can be seen in acute

abscesses due to- bacillus typhi (typhoid) and bacillus mallei (glanders), etc.

To describe pus more minutely it must be separated into its solid

and fluid elements.

A. The solid elements are held in suspension in the fluid from which

they can be separated by centrifugalisation or by filtration, after mixing
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the pus with an equal volume of a saturated watery solution of sodium
sulphate which has been diluted, with nine times its volume of water.

The cellular elements consist of:

—

1. Leucocytes, in by far the greater proportion of all cells. The
majority of the cells found in pus are the leucocytes that have left the

blood system. The leucocytes circulating in normal blood are the

following :

—

(a) The polynuclear cell with neutrophilic granulations (Erhlich). This

is present m the proportion of 70-73 per cent of all leucocytes.

(b) The lymphocyte, a small cell with large nucleus present in the

proportion of 22-25 per cent of all leucocytes non polyocytes.

(c) The coarsely granular polynuclear eosinophilic cell, present' in the

proportion of 3-4 per cent of all leucocytes.

(d) Large mononuclear cells devoid of granulations, the hyaline cell of

some writers, present in about 1 per cent of all leucocytes. The nucleus

is round or kidney-shaped in a comparatively large amount of proto-

plasm.

(e) Coarsely granular basophilic, mast cell (Erhlich), present in normal
blood to about | per cent of all white corpuscles.

Varieties a, b, c, and d of these cells are certainly amoeboid ; and e is

almost certainly amoeboid. Of these amoeboid cells only the neutrophilic

and the hyaline are phagocytic, that is to say, capable of incorporating live

or dead micro-organisms. '

The numerical strength of the neutrophilic cell suffices to make it the

most representative cell of pus in acute abscesses.

Besides the neutrophilic cells, there are present in pus other leuco-

cytes in a minor degree (minor, that is to say, as regards their numbers),

viz. eosinophilic cells, lymphocytes, and hyaline cells.

Although white corpuscles may play an important part in immunity
and in protection, there can be no doubt that their role is a fundamentally

more complicated one than mere cell incorporation.

2. E,ed blood corpuscles are seen here and there, and care must be

taken to exclude the possibility of their entrance during the haemorrhage

that occurs in the act of rupture or incision, but red blood corpuscles are

present independently, and when present in any quantity they indicate

great intensity of disease.

3. Young connective tissue cells, probably detached from parts of the

abscess wall.

4. In the latter stages, plasma cells, corpuscles of Gluge and fat

globules.

5. Other cells of more doubtful origin.

Among other solid constituents are shreds of dead tissues, elastic and
fibrous. Epithelial cells may also be found if an epithelial structure has

been involved.

There is no necessity to describe here the preliminary changes seen in

inflammation. By " inflammation " is meant those changes which occur in

living tissues when they are affected by injury or infection. The writer

defines inflammation in this manner because it is difficult to imagine

an injury or an infection severe enough to cause the changes constituting

inflammation without causing an element of death, however slight. Let it

suffice to say, that before the leucocytes emigrate they are creeping along

the sides of the capillaries and small veins, whilst the heavier red corpuscles

occupy the axis of the blood-stream. In the arteries the rush of blood is

too great to permit the same phenomena ; in these vessels the white and
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red corpuscles and the various organised elements of the blood are hurried
along together. In suppuration the neutrophil, the lymphocyte, the
eosinophile, and the hyaline leucocytes emigrate by amoeboid movement
through the thin-walled veins and capillaries.

It will be seen in the article on inflammation that the transit of
leucocytes from the blood is assisted by physical conditions, and possibly by
active protoplasmic changes in the wall of the blood-vessel. Metschnikoff,
who, as its founder, lays the greatest emphasis upon the importance of the
phagocytic theory, points out how easy it is for a polynuclear cell (of which
the nuclei are small) to pass out of a small opening, and how difficult the
same process may be for a cell with a single large nucleus which may block
its passage through an opening of the same size.

• In a case of lieno-myelogenous leukaemia the writer has been able to

observe the kind of cells collected in aseptic blisters, the myelocytes—

a

leucocyte typical of this disease—could in no single instance be found.
This observation tends to show that the different forms of leucocytes react
in varying degrees to different stimuli—a point considered in detail later.

Once they are out of the vessels the leucocytes soon collect in masses
among the micro-organisms and dead tissue.

In the many preparations the writer has examined, the leucocytes are

not at first seen inside the area immediately killed by the inoculation, but
nearly all of them are collected immediately around the margin of the
necrotic area, though a few have actually attempted an entrance. This
can be seen one or two hours after a staphylococcus infection. After a few
hours they become indiscriminately mixed with pus and liquefied necrotic

tissue, the liquefaction of which is possibly in the first instance responsible

for the general dissolution inside the abscess cavity. All leucocytes having
reached or entered the infected area immediately incorporate many of the

invading micro-organisms, and may either digest them, or may themselves

be killed by this intimate relationship. Apart from being killed by the

organism actually included, many of the exuded cells, at first at any
rate, are killed by toxic products, and may be seen spherical, breaking

up, and undergoing granular, fatty, and other degenerations. Some
observers state that they have demonstrated lardaceous degeneration in

leucocytes and pus cells a few hours after infection. It is by no means
easy to confirm these statements. In the early stages of abscess formation

(i.e. the first two or three days) emigration is not by any means limited to

the actual site of the micro-organisms. From many capillaries in the

apparently normal neighbourhood leucocytes have emigrated, or are collect-

ing in greater number than normal round the margin of the interior of the

vessel walls. This is not so marked in the later stages (seventh day).

Since the discovery of the phenomenon of diapedesis by Cohnheim
many ingenious attempts have been made to solve the problem as to what
can be the power of attraction of the white cells towards the area of infec-

tion. In recent years new light has been thrown upon this complicated

subject by experiments made on leucocytes, on many lower animals, and on

many plants possessed of amceboid movements. It has been found that the

direction of these movements can be profoundly altered by a variety of

physical agents, such as light, contact, heat, galvanism, gravity, chemicals,

atmospheric pressure, and so forth, these agents possessing the power of

attracting or repelling the organisms of experiment. For example, the

spermatozoids of ferns are attracted by certain chemicals (positive chemo-

taxis) and repelled by others (negative chemotaxis). The fact that bacteria

and their products have been found experimentally capable of acting upon
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white blood corpuscles has been applied by Leber and most subsequent
writers to the solution of the problems of inflammation and suppuration as

seen in man and in the higher animals. However tempting it may be to

accept these views, our present knowledge does not justify us in looking

upon them as final.

B. The fluid element of pus is yellow, sometimes yellowish-green, and
transparent ; it coagulates on the addition of nitric acid, but it does not
coagulate spontaneously ; many of its constituents depend upon the micro-

organism to which its formation has been due. Among many products of

bacteria separated from artificial cultures made in media containing albu-

min and peptone, may be mentioned Buchner's mycoprotein, Leber's pylo-

gosin, as well as substances separated by Brieger and others—products
which are capable of provoking suppuration. A more important observation

is that of Denys and van der Velde, who have separated " leucocidine " from
the pleural exudate of rabbits inoculated with virulent staphylococci.

These authors say it is a special and very powerful poison secreted by this

organism, and that its action on normal leucocytes is to destroy them in a
few seconds. On the other hand, if the exudate be heated for ten minutes
at 60° C. the leucocytes are unaffected. The same authors have also

obtained an anti-toxin capable of neutralising the leucocidine ; this they
term " anti-leucocidine." Like the blood-plasma from which it comes, the
fluid element of pus contains no fibrinogen. It is richer in proteids than
is ordinary lymph, the proteids being serum albumin and serum globulin

;

albumoses and peptones derived from the leucocytes and tissue cells

destroyed by the toxic products of bacteria are also found. Lecithin is

more abundant than in blood. Leucin and tyrosin have also been found.

The fluid contains chloride of sodium, carbonates, and phosphates, to which
pus owes its alkalinity.

The question whether the fluid of pus or the cells of pus possess some
or any of the functions necessary to rid the host of the invading micro-
organism or neutralise its products is discussed elsewhere. Apart from
these possible properties, the fluid of pus serves to dilute the poison and
flush out the diseased area.

III. Every circumscribed abscess has at first all the microscopical char-

acteristics of a diffuse abscess, and it must be admitted that if a large dose

of a highly virulent pyogenic micro-organism be inoculated into a suscep-

tible host, an abscess wall of new formation is impossible all the time the
micro-organism is infiltrating, killing, liquefying, and peptonising tissues

with which it comes in contact. In a section of subcutaneous tissue,

twenty-four hours after its inoculation with pyogenic cocci, will be seen

micro-organisms, emigrated cells, and dead tissue massed at one spot in the

adipose tissue ; but there is as yet no wall. Nevertheless, the spread of the

abscess, for such it already is, is here and there being abruptly stopped by
the fibrous tissue supporting the larger blood-vessels which traverse the

subcutaneous tissue. The stoppage is quite accidental; it depends on pre-

existing tissue that happens to be there, and does not constitute a true

abscess wall. This state of things continues till the end of about forty-

eight hours, at which time, in the normal fibrous tissue surrounding the
abscess, but not actually involved in it, there may be seen here and there

young granulation tissue. Such young tissue is seen separating the fibres

from and among which it is derived. Young vessels can already be seen

in this new tissue. This is the beginning of an abscess wall. The par-

ticular connective tissue from which the later definite encysting wall is

developed is certainly the supporting dense fibrous tissue of the part. Fat
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and loose fibrillar
_

tissue is generally seen to be undergoing degeneration
and death, and offers little or no resistance to the attacking micro-organism.

After four or five days the fibrous wall has become quite definite, but in
parts it is very thin. In many acute circumscribed abscesses the pus is

more or less completely in contact with it, but in others has not yet reached
it. In the latter case leucocytes and micro-organisms are traversing the
adipose and loose tissue in an irregularly spreading margin towards the
fibrous wall. By the seventh day the fibrous wall shows marked increase
of density, and fairly represents the appearance of the wall of a fully-
formed abscess, and in it are seen well-marked and organised vessels. This
fibrous tissue becomes denser and wider and less vascular with increasing

Fig. 2.—Section of an abscess seven days after inoculation. It demonstrates the three layers of the abscess
wall: A, the external fibrous layer; B, the middle capillary layer suspended in fibrous tissue and pus
cells ; C, the internal layer of pus cells only.

age. The pus is nearly everywhere in contact with it, and the wall shows
three fairly distinct layers. These are from without inwards :

—

1. A layer consisting of newly-formed and vascularised fibrous tissue only
(see Fig. 2).

The cicatricial tissue of an abscess wall is not only a repair of damaged
parts, it is chiefly a new formation from existing and undamaged tissue due
to the stimulus of irritants.

2. A layer of young connective tissue elements, among which are dis-

tributed in an inseparable crowd the same kind of leucocytes. It is in this

layer that the chief clusters of micro-organisms which formed the previously

described tortuous ring can be seen, and to this layer, under low powers,

they are apparently abruptly limited. However, this is not really so, for a

few can be seen in the next layer, and occasionally still fewer outside the

abscess wall.
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The blood-vessels from the outer layer extend into this layer and break
up into a network of thin-walled capillaries which, in some cases, appear to

be almost as large as sinuses (see Fig. 3). The capillaries are so feebly

supported—merely by pus cells and a little connective tissue—that they
readily rupture. They are the source of the haemorrhage which occurs

when an abscess bursts or is incised. In one large abscess this capillary

haemorrhage was so profuse that the writer had to plug the cavity.

3. A layer mostly of multi-nucleated neutrophilic leucocytes or pus
cells, taking nuclear stains well.

The three layers at their margins merge one into the other.

By the seventh day an acute circumscribed abscess has frequently

assumed an oval or circular shape, and encircling the wall just described is

a concentrically arranged anastomosing network of newly-formed fibrous

tissue, the crescentic meshes of which are filled with adipose and loose con-

nective tissue. The size of these meshes gradually diminishes the nearer

they are to the abscess. The encircling arrangement of the abscess wall

is caused by its own elastic property inducing centripetal pressure, and
also by the centrifugal pressure exerted upon the wall by the gradually

increasing collection of pus.

As the abscess advances towards the skin, but before it actually reaches

it, many (and sometimes all) hair follicles, sebaceous glands, and sweat
glands, and even the surface epithelium, atrophy from the subjacent pressure.

Before the rupture of the abscess the pus burrows to a certain extent

between the horny layer of the epithelium and the underlying layer of cells.

The length of time necessary for an acute circumscribed abscess to

become fully developed depends upon its size and its depth from the sur-

face, and each of these conditions in turn depends upon the profoundly

important factors concerning infection laid down under the heading of

etiology. However, roughly speaking, the time taken by an acute circum-

scribed abscess to develop is from seven to ten days, perhaps a few days

more, and, possibly, if the abscess be small and superficial, a few days less.

The sequence of events that occur in the formation of an acute circum-

scribed abscess can thus be summarised :

—

(1) The introduction of the micro-organism.

(2) The necrosis of tissue.

(3) The exudation of fluid from the blood-vessels and emigration of

leucocytes at first only up to, and after liquefaction into, the dead area, i.e.

the abscess cavity.

(4) The formation of encircling membrane from the pre-existing fibrous

tissue of the part.

This appears to be the most convenient place at which to remark that

although the essential difference of one abscess from another is causal, the

general significance—whatever it may be—of suppuration from all causes

is probably the same in every case.

Clinical Symptoms.—These are due to the absorption of toxic products,

some of which are micro-organismal in origin, while others are derived from
the broken-down tissues of the host. Their absorption is probably aided by
the internal pressure of the abscess contents. The clinical symptoms may be

divided into those which are local, and those which are constitutional.

Local.—After the inoculation—the fact of which may or may not be

within the knowledge of the patient—the first notification of trouble is a

feeling of tension in the affected part ; at the same time the patient may com-
plain of either a well-marked rigor, or feelings of chilliness, or an inclination

to shiver. The local trouble increases into a definite throbbing pain, more
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or less spontaneous, the intensity of which is increased by making the part
dependent, and diminished by its elevation or immersion in warm lotion.

The lowering of the part will increase venous congestion, elevation will

diminish it, and immersion in the fluid supports the over -distended
capillary and venous systems. The pain now increases to extreme tender-
ness

;
there is a marked redness which disappears on pressure and instantly

reappears on its removal ; heat, swelling, and hardness have also become
prominent features of the lesion. The glands which receive the lymphatic
vessels of the part in which the developing abscess is situated are next
noted to be enlarged and tender, imparting a sensation of stiffness to the

Bftifa

Fig. 3.—Section of an abscess seven days after inoculation, showing the capillary layer in the abscess wall. It

appears to be suspended in pus only, but with a higher power the capillaries are suspended by connective
tissue cells among which pus cells are freely distributed.

axilla, groin, or other site of affected glands. It is not always the lymphatic

gland nearest the abscess which first becomes enlarged. Prom enlargement

the glands may go on to actual suppuration, giving' rise to the additional-

symptoms of an abscess at their site. Often, more particularly in strepto-

coccus lesions, the lymphatic vessels leading to these glands are mapped
out as diffuse, red, longitudinal streaks. Suppuration may occur in any
part of the track of these vessels. In cases of lymphangitis of this nature

the writer, has frequently observed that bursse—notably the bursa patellae,

and that over the olecranon—suppurate when no other secondary suppura-

tion occurs ; he has sometimes seen the occurrence when there was no

suppuration even at the site of infection.

In the centre of the hard red swelling the redness now disappears

slowly upon pressure, reappearing sluggishly when the pressure is removed.
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The red centre soon becomes blue, and appears soft to the touch ; the
fingers may now actually pit into it. This is the first trustworthy clinical

sign that suppuration has occurred. The swelling grows more prominent
and tense until fluctuation determines the fluid nature of the lesion. The
skin shines from the polish of tension developed by the subjacent pressure.

Around this tense and shiny swelling there is much redness and oedema,
which gradually diffuse into the normal parts, and there disappear. The
skin over the blue centre slowly becomes a thin, translucent membrane,
through which the white or yellowish pus can be seen, representing the
familiar " head " of a pointing abscess. The skin at this stage may not
look quite so tense and shiny, in fact the tension has now been relieved to

a small extent by ulceration of the corium and deeper layers of the

epidermis. The diminution of tension is indicated by a radiating network
of very fine lines about the top and centre that can be clearly seen by the
aid of a magnifying glass. In bad cases the function of the limb or part

affected is quite abolished, and held rigidly still by unconscious muscular
effort. The abscess is now quite mature, and upon the slightest movement
or trauma bursts. At first the pus flows out, owing to the pressure to

which it had been subjected ; its escape is helped by the elastic property
of the cicatricial tissue forming the abscess wall, also by the contraction of

muscles in the neighbourhood. The surrounding redness disappears

immediately upon the rupture of the abscess, and the other local signs

rapidly subside. The abscess walls then fall together, from a continuation

of the same processes which caused the evacuation of the pus, and from the
influence of gravitation.

The gross effects of the micro-organisms are no longer visible, although
the middle layers of the abscess wall are still crowded with the agents

of causation. How long the residual micro-organisms can remain is a

difficult question to answer, and a definite opinion cannot at present be

expressed.

There is much difficulty in accounting for the property possessed by
abscesses of spreading towards the skin. Many reasons are assigned,

prominent among which are

—

(1) They spread towards the least resistance; in this connection it is

to be observed that the path of least resistance may lead to hollow viscera

—intestine, bladder, pleura, or bronchus—and veins may similarly be
invaded.

(2) The vis a tergo caused by the pulsation of arteries and movements
of viscera and muscles. ' In connection with this point the writer has seen,

especially in many cases of inflammation about the face, the advancing
process spreading in oblique lines towards the skin, being conducted thither

by the lymphatics around the blood-vessels that pass through the sub-

cutaneous tissue for the supply of the true skin.

Constitutional.—Pyrexia.— Fever varies remarkably, the degree de-

pending on the nature of the infection and the intensity of the process.

The nature of the infection may be either septic intoxication—that is, an
absorption into the blood of products of micro-organisms only—or absorp-

tion into the blood-stream of the micro-organisms themselves. In the case

of human beings the former condition is more easily demonstrated than
the latter.

A high temperature does not necessarily denote the existence of a

large abscess, but rather may be taken to indicate the acuteness of the
infection. It is not very rare to find severe and fatal infection and
suppuration with a normal or subnormal temperature subject to only
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small variations. In mild cases the temperature remains fairly normal,

but when pyrexia exists it generally assumes one of four types.

(1) Saprwmic.—In this condition the temperature begins gradually to

rise immediately after infection, and reaches its highest point (103°-104°)

about the third day. A daily fall of 1° ensues until normal is reached

three or four days later ; the whole cycle thus occupies about seven days, or

often a much shorter time.

(2) Hectic.—This condition is characterised by a daily rise of tempera-

ture commencing at noon and reaching 104°-105° at about 6 p.m., followed

by fall to subnormal by the next morning. The hectic state may or. may
not follow the sapr?emic. The daily rise and fall gradually lessen in degree

as the abscess heals.

(3) Septiccemic.—Here again the initial temperature may be sapreemic,

or it may at once rise to 104
c-105° and remain elevated, with daily inter-

missions that rarely fall to normal. The temperature falls, but with the

same intermittency, as the abscess heals. In the event of a fatal issue it

continues to rise sometimes to 106°-107°, and there may be a further rise

of a degree or so after death.

(4) Pycemic.—The initial temperature in this condition also may be

saprsemic. After four or five days the normal temperature quickly rises

during a rigor of 104°-105°. In a few hours the temperature is normal

again, and there may remain until the next rigor. The temperature

varies, however, and does not always conform to this scheme of regularity.

Leukocytosis.—This condition is marked in suppuration when not due

to tuberculosis. It increases with -the development of the disease, and

subsides when pus is liberated. During convalescence the number of

leucocytes in the blood sinks below normal (leucopenia). The presence or

absence of leucocytosis may be of value in diagnosis, but in estimating its

importance one must remember that in very slight and very intense

processes it may be altogether absent. See also " Leucocytosis."
*<* Constitutional Depression.—This is a marked feature of the disease

;

like all symptoms this state varies, but the sufferer from a large acute abscess

feels and looks ill, and even approaches to the typhoid state. Kapidly

increasing weakness and loss of weight increase the general appearance of

profound poisoning. The writer has seen a case in which the absence of

this constitutional depression had the effect of turning the scales from a

wrong diagnosis of acute suppuration to a correct one of a rapidly growing

abdominal cyst.

In human beings it is not easy to estimate slight variations in blood-

pressure, but in animals, Dr. Brodie and the writer have together demon-

strated the marked fall of blood-pressure that occurs upon injection into

the veins of large doses of virulent cultures of staphylococcus pyogenes

aureus.

Amyloid disease is usually a sequel of suppuration. It must be observed

that amyloid disease does not occur in prolonged cases of tuberculosis

which have remained pure infections (see " Lardaceous Degeneration,"

vol. vi.).

Diagnosis.— It must not be assumed that every thick white or

yellowish fluid is pus because it looks like it. Fluid of this character may
be caused by the suspension of epidermic cells as seen in dermoid cysts, or

by other cells seen in the degenerations of malignant epithelial and malig-

nant connective tissue tumours. Chylous fluid may give rise to error in

diagnosis. The writer has seen the carpo-metacarpal articulation of the

thumb in a man suffering from gout full of fluid thought to be pus, which
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was really composed of acicular crystals of uric acid suspended in altered

synovial fluid.

The mere presence of an acute abscess can be recognised by the signs

and symptoms already detailed. There are a few aseptic fluctuating

swellings from which it should be readily distinguished.

(1) Hematoma.—This resembles an abscess in having a fluctuating

centre and a diffuse oedematous margin ; and leucocytosis may also be

present if the hematoma is a large one. It differs from abscess in its

sudden appearance after injury (necessary trauma may be slight in heemo-

philics), in the absence of pain, heat, redness, pyrexia, and constitutional

depression, and in the freedom from enlargement of the lymphatic glands.

(2) Distended gall and urinary bladders.

(3) Collections of synovial fluid.

(4) Serous effusions.

The three last named have well-defined margins. There is an absence

of intense pain, redness, heat, pyrexia, and constitutional depression, leuco-

cytosis, and in (3) and (4) more functional activity is possible than in

suppurative lesions. The association of an abscess with aneurysm may be

somewhat difficult to diagnose from an uncomplicated abscess. The nature

of the case can be definitely settled by its history, by the suspicious ana-

tomical relation of the suppurative process, and by the presence of a bruit

and other signs of aneurysm.
Except by the history of the case, and upon the results of operation, it

is often impossible to distinguish between hydatid and other cysts under-

going acute suppuration and a true acute abscess.

The simple recognition of a disease as acute abscess, is not sufficient.

Such a diagnosis does not include "all the knowledge that can be ascertained

concerning the malady. This inadequate recognition takes account only of

a clinical condition, the existence of which may be due to a variety of

agents. The specific agents are the essential foundation of a diagnosis.

Certain clinical signs, however, may sometimes give a surgeon the clue to

diagnose the actual micro-organism.

The existence of an acute abscess in itself is a step towards this clinical

method of diagnosis, in so far as the process must be due to one of the

micro-organisms of acute suppuration. The markedly localised and cir-

cumscribed abscesses, such as boils and carbuncles, are most frequently due
to a staphylococcus infection, but an absolutely analogous condition may
be brought about by bacillus typhi. Again, if the circumscribed abscess be

complicated by lymphangitis it is possibly a streptococcus infection, but

lymphangitis may also accompany-the infection of a virulent staphylococcus.

The cases in which the writer has found a pure streptococcus in an acute,

circumscribed abscess have been rare, and such an abscess has usually

followed in parts that had recently been the site of erysipelas. Therefore a

history of a previous attack of erysipelas at the same part influences the

impression as to the causal agent of the new symptom of suppuration being

due to the presence of streptococcus pyogenes.

The presence in the urine of staphylococci, streptococci, and bacillus

typhi has aided the diagnosis of cases suffering from some lesion due to

these micro-organisms.

The seat of disease bears on this subject ; staphylococcus infection is

liable to occur in arthritis, meningitis, osteomyelitis. But the writer has

published a case of subacute abscess connected with the right sacro-iliac

synchondrosis in a child of ten months, who recovered in six weeks, in

which pure and virulent streptococci were found.
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On good grounds Widal's reaction is regarded as a confirmatory process

in the diagnosis of conditions due to bacillus typhi. In staphylomycoses

and streptomycoses the writer has been unable to convince himself that the

application of the homologous sera aids the diagnosis.

A complete, bacteriological examination of the pus and abscess wall is

essential as confirmatory evidence. In most cases of acute abscess examina-

tion of the pus alone will reveal the micro-organism, in others it is rarely

found in the pus, but it is more certain to be found in the abscess wall. A
notable example of the latter is Ducrey's streptobacillus of soft sore.

Hence in all cases wall and pus must be tested. The examination ought to

include staining, growth on artificial media, plate cultivation, and inocula-

tion into animals.

To collect pus in a suitable way for this complete and rigorous bacterio-

logical examination the writer now adopts the following plan :—By means of

a sterilised flask alone the collection of pus is impossible without soiling

the upper part, and so setting up connection that may lead to the con-

tamination of the contents. To eliminate this source of contamination he

uses a simple apparatus consisting of two parts, a long-necked flask within

which is a piece of glass tube open at the ends, kept from movement by

means of the cotton-wool plug with which the flask is stopped. This pre-

caution of fixing the tube is of importance, for if it is movable it will shake

about while travelling. The apparatus is then sterilised. The cavity con-

taining the fluid is opened at an accessible spot by means of an incision

conveniently directed, and the walls are held apart by blunt hooks. The

inner or conducting tube is then drawn half-way out of its host, and

by means of a pair of forceps is held in the cavity of the abscess at an

angle which permits the pus to gravitate through it to the bottom of the

receiving flask. When a sufficient quantity has been collected the inner

tube is carefully and permanently removed ; then the flask containing the

fluid must be plugged again.

A portion of the actual wall is at the same time removed. In order to

eliminate the possibility of contaminating the pus it is very essential

that no skin is included in the portion removed.

Teeatment.—The first object in all treatment is to determine the

possible sources of infection. After a careful attempt to purify these

sources an efficient dressing should be applied to them. By this means

further infection will be excluded, and the very rare event of the con-

tinuance of suppuration after an acute abscess has been opened under all

proper precautions may' be avoided.

The management of acute abscess may be described as local and

constitutional.

Local.—Abortive.—By some surgeons it is considered possible to abort

an acute abscess. Unna's No. 88 plaster has the reputation of being able

to abort boils and carbuncles. Alcohol soaked in wadding applied to

the part and covered by mackintosh has been granted the same property.

Squeezing the threatened spot has been said to act in this direction. Best

should also be part of this doubtful treatment.

Preventive.—Mr. Watson Cheyne has published cases in which he

considers that antistreptococcic serum may have prevented infection.

These were injected with serum previous to the radical removal of exten-

sive cancer connected with sources of all sorts of possible infection,

including that of streptococcus pyogenes. It should be observed that

antistreptococcus serum is specific only for streptococcus pyogenes, and, as

far as we know, disregards the toxins of other micro-organisms.
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Palliative.—This treatment consists in first shaving the part, then
purifying the skin, covering the abscess and the area for a wide space
around it, and then keeping it poulticed with boracic lint that has been
wrung out of boiling water solution of either perchloride of mercury
(1-8000) or carbolic acid (1-40) ; applications of fresh fomentations must
be continually made. The part must also be rested, and if possible

elevated. Of course the situation of an abscess will necessarily regulate

the treatment. Eest in the case of a limb is attainable by careful splint-

ing, by placing the limb in the position in which there is least pain, and
by carefully padding all the natural hollows that will otherwise exist

between the limb and the splint. There seems no doubt that hot poultices

hasten suppuration, heat apparently being the stimulating factor. If the
dressings into which the pus discharges and the skin with which it comes
in contact are both rendered sterile, then the pus remains uncomplicated
with any other infection. As a rule, rupture of an abscess under these

conditions will not be followed by any further escape of thick white pus,

the pus being replaced by a diminishing discharge of serum that practi-

cally ceases in twenty-four to forty-eight hours. The use of poultices of

bran, bread, linseed, carrot, charcoal, etc., is inadvisable, and should on no
account be employed.

Operative.—Directly the surgeon is sure pus has formed, he should
proceed to open the abscess. The skin, instruments, hands, etc., require

as perfect sterilisation as in any other surgical operation. The seat

of the incision usually selected is at that part of the abscess at which
the skin is thinnest— in other words, where the abscess is " pointing."

There may, however, be reasons for opening elsewhere. For instance, an
abscess may be pointing on the margin of a cheek ; in this case it would be
wise to make an attempt to save the thinned epithelial covering by
evacuating the pus by means of an incision below the jaw, so that the

subsequent scar will be hidden. Again, it is necessary to make the incision

as far away as possible from any source of sepsis.

The direction of the incision will also vary with the case, and when
near them, it must be in the direction of vessels, nerves, ducts, and tubes,

to avoid wounding these important structures. The length of the incision

must always be sufficient to .admit a small sponge, which should be used
gently to break down septa that may separate recesses from the main
cavity. In justice to his other cases a surgeon should not put his finger

into a septic cavity unless absolutely obliged to do so. After all the

pus has escaped the inside of the abscess cavity should be carefully

wiped out with a sponge wrung as dry as possible from a watery solution

of 1-20 carbolic acid or 1-2000 perchloride of mercury; this procedure
will take away some necrotic tissue left behind after the evacuation of the

pus, and also most of the inner layer and some of the middle layer of the

abscess wall. Eest and splinting are as necessary here as in the palliative

treatment.

In the operative treatment of carbuncle, in which adherent necrotic

tissue is abundant, scraping with a sharp spoon is required. It is usual to

apply pure carbolic acid to the surface thus exposed, but the writer has"

seen many cases do perfectly well without that precaution. In passing, it

is worth noting this, because by the use of a sharp spoon the newly-
scraped surface is necessarily infected, and so the question of immunity,
perhaps local, perhaps general, is wrapped up in the explanation of the

favourable progress of the case in the absence of a powerful germicide

such as carbolic acid. A carbuncle may be excised, and the resulting
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wound stitched up. But if too much tissue has been removed to permit of
this course, the resulting wound can be skin-grafted at the time or, better
still, at a later period. In the case of acute abscess, scraping out the
interior of the cavity with a sharp spoon is quite unnecessary, and in fact

only adds traumatism to an already badly diseased part. It is also said

that scraping away an abscess wall may cause generalisation of infection.

This, of course, is possible, but the precise value of the abscess wall will be
discussed later. Washing out an abscess cavity with antiseptic lotions in

order to kill micro-organisms is quite useless, because those actually killed

or inhibited are a very small minority. Again, the main source of micro-
organisms is left behind in the middle layer of the abscess wall which the
lotion will not reach. Further, antiseptic lotions may act as irritants. In
treatment, the fact should be recognised that profound changes are occurring
in the fluids and tissues of the host upon which ultimate recovery
depends.

Drainage.—Artificial drainage should be avoided as far as possible.

The disadvantages of drainage are—(1) Tubes act as convenient tracks for

the access of fresh contaminating micro-organisms. (2) As inert, lifeless

foreign bodies, tubes are incapable of actively combating the micro-organisms
in the cavity, and by this neutrality a tube will permit the existence and
possibly the multiplication of such micro-organisms as become deposited

upon it. The writer has frequently bacteriologically examined the serous

discharges from healing abscess cavities, some of which were drained, while

some were not ; in all cases the causal micro-organisms were not only present

as long as the discharge continued, but were also virulent to lower animals.

(3) After a very few hours the only part of the abscess cavity drained is that

which is in actual contact with the tube. If drainage tubes be employed,

they should be as large as possible and discontinued early. The indications

for the removal of a tube are diminution of discharge, and the natural ex-

pulsion of the tube by the contraction of the cavity and the granulation

tissue. However, a drainage tube is essential in a deeply situated abscess.

Care should be taken that the external extremity of the tube is level with

the surface of the skin.

Hilton's method of opening an abscess is usually adopted in those cases

where the pus is deeply situated and is in close proximity to important

structures. Here an incision is made over the region, and the tissues are

carefully divided in layers till the dangerous area is reached. A pair of

sinus forceps is pushed into the cavity, and in withdrawing them the

aperture is dilated by opening the blades in the direction longitudinal

with the structures it is necessary to avoid. The freely escaping pus and

the superjacent tissues may hide the opening into the cavity if the hole is

not marked by inserting a probe before permanently withdrawing the

forceps.

Dressing.—This should be the same as applied to an ordinary aseptic

wound. When abscesses are opened by the above methods, fresh tissue

spaces, lymph-vessels, and blood-vessels are opened, and generalisation of

the micro-organism will, it is said, be rendered possible. The writer has

never seen this occur after opening an acute or subacute abscess. It is

often necessary to cut through the healthy tissues in order to reach an

acute abscess. But these tissues immediately heal without signs of

infection, as quickly as though no microbes had traversed them. As
will be later pointed out, some important questions of artificial immunity

and protection possibly arise out of this fact. Some foreign surgeons lay

great stress upon the importance of this possibility of infection to generalise,

vol. xi 33
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and to prevent it, open abscesses by slowly burning a passage into them
by means of some form of actual cautery.

Constitutional.—A purge may be administered at the commencement
of treatment, and the bowels should be subsequently kept open by mild

laxatives. Nourishment should be constantly given in an easily assimilable

form ; this, together with fresh air, is the most important feature of con-

stitutional treatment. Change of air, particularly change to the seaside,

sometimes stimulates repair when progress is delayed. Tonics, quinine,

iron, bark, may be required. The internal administration of yeast is a

remedy which has in some hands met with success in cases of boils, that is

to say, in staphylococcous infection. Stimulants should be employed when
indicated.

Serum Treatment.—In streptococcic abscesses the question will arise as

to the advisability of exhibiting antistreptococcic serum. The writer has

frequently injected this serum in cases of pure and mixed streptococcic

infections, but he has never seen the least benefit result from its employ-

ment. If this particular serum, in its present condition, has any use in

surgery it is only as a preventive, and not as a curative agent. Dr.

William Bulloch and the writer of this article have attempted to produce

a serum that would protect against staphylococcus. A mare was inoculated

with virulent staphylococci, and her blood was subsequently tested at

different periods, but with no positive results, for it failed to cure or to

protect. Judging from the meagre accounts published by other observers

(Viquerat and others), a serum similarly "prepared has, in their hands,

given positive and promising results.

In all the pathological processes that end in recovery there must be a

physiological aspect, and this is especially so with regard to infectious

diseases, to which class of affections abscess certainly belongs. It has been

pointed out that when an abscess has burst or has been opened in circum-

stances in which fresh infection has not occurred, it will, as a rule, heal

without further discharge of pus. It is at present impossible to explain

satisfactorily the reasons for this fact. Further, it is impossible to say

why suppuration ceases. As willbe seen, it is more easy to state what are

not causes of recovery.

Now the effects of the evacuation of the pus are : (1) the relief of

tension, (2) a diminution in the number of micro-organisms, and (3) the

removal of their and other toxic products. It has already been pointed out

in this article that after the pus leaves an abscess there still remains a great

collection of micro-organisms. The mere liberation of pus, then, cannot

account for the cure of the disease. There are micro-organisms left behind

sufficient to promote numberless acute abscesses. The remaining micro-

organisms are seen in greatest numbers in the abscess wall, but can be

demonstrated also in fewer numbers in the surrounding tissues and in the

serous discharge. It may be suggested that the biological conditions of the

remaining micro-organisms are adversely influenced by the contact of

antiseptics, but in discussing the best treatment for acute abscess it was
pointed out that antiseptics could not reach the micro-organisms.

It is well known that some micro-organisms in passing through a series

of hosts gain in virulence, while others lose virulence in the course of the

same process. The writer has found that staphylococci invariably lose

virulence during passage through animals. Can it be that an abscess gets

well because the micro-organisms of suppuration lose virulence ? In

attempting to answer this question, it must be remembered that in the
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serous discharge from healing staphylococcic abscesses in man, not only were
the micrococci present, but the writer found them to be very virulent and
capable of killing animals if inoculated in the usual doses. The same
virulence continued if the abscesses were prevented from healing by the
insertion of drainage tubes. In human beings it is impossible to estimate
the virulence of the initial dose, and without this standard it is impossible
to say definitely whether it has gained or lost in degree. In the necessarily
few days during which the writer has been able to observe it in healing
abscesses, the virulence has always been fairly maintained. Another fact of

importance is that experimentally many micro-organisms that cause acute
suppuration can be shown to increase in virulence during their passages
through animals. The virulence of streptococci is rapidly and greatly
increased. Further, the writer has been able to observe the virulence of

the bacillus mallei in a case of glanders for a period of nineteen months.
In the tissue removed at the last operation (after which the patient left the
hospital quite cured), the bacillus mallei was as viruleDt as when first

tested on the man's admission. Pus, granulations, and fluid cultures gave
the same result, viz., retention of virulence ; so progressive loss of virulence

of the micro-organism cannot have been the reason of recovery.

The retention of virulence is also possible in the case of an abscess that

forms after typhoid fever and due to bacillus typhi. A case has recently

been under the observation of Dr. William Bulloch, in which the patient

has a sinus that has been discharging for nine months. The sinus contains

an extremely virulent bacillus typhi, yet in spite of this fact the patient is

apparently in good health. It seems, then, that the micro-organisms may,
under certain conditions, retain their virulence, but lose their power of

acting poisonously upon the affected person. It must, therefore, be supposed

that the tissues have lost their property of being acted upon, and that they

have generated certain antagonistic properties by which the invading micro-

organisms are rendered comparatively inert.

There are some reasons that make many surgeons and bacteriologists

attach much importance to the protecting influence of the abscess wall.

They look upon it as a barrier between healthy tissues on the one side and

the disease on the other. The idea receives some support from the fact

that a great collection of micro-organisms is abruptly demarcated by the

abscess wall. In a fully-developed abscess the wall is certainly at any rate

a mechanical barrier. But an abscess in its early stages is without a wall,

while the micro-organism is infiltrating and killing tissues an abscess

wall cannot form if these circumstances continue. It can only form when
the micro-organism has lost some, at any rate, of its destructive power. If

this is so, it must be assumed that the wall only forms round an irritant as

it would round a foreign body, and that for special protecting work it can

have no more specific value than any other tissue of the host.

In the case of the accidental infection of operation wounds, the tem-

perature and constitutional symptoms gradually subside till the third or

fourth day when they disappear. It is said that because the abscess wall is

gradually forming during this time the constitutional signs gradually

disappear. This looks at first an important reason, but it must be borne

in mind that when the temperature first begins to fall the defeat of the

micro-organism or its toxins has probably begun, and at that stage there is

no abscess wall. The gradual subsidence of temperature in typhoid fever is

not supposed to be the effect of a barrier forming round the lesions, and the

sudden fall of temperature in pneumonia cannot be due to the formation of

a protecting membrane. Then again, even in the presence of a very thick
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fibrous abscess wall severe hectic temperature can last for months : this does

not look like protection.

Many experiments have been made to support the protection theory

of the abscess wall. Prominent among these are the experiments of

Afanassieff. This observer inoculated various micro-organisms on to

granulation tissue carefully protected from injury, and found, among other

very interesting facts (a) that no general infection took place, (b) that the

animals so inoculated were not susceptible to subsequent infection with

virulent culture of the same micro-organism even when applied to fresh

wounds. Immunity had thus been induced.

Afanassieff states that these experiments prove the specific protecting

property of granulation tissue (or abscess wall). Let the results of the

experiments for a moment be granted. As far as the writer is able to

construe these results, he would say Afanassieff's second statement (h)

directly negatives his assumption, and proves a general immunity, and not

a local one ; and further, that the abscess wall shares its property of

resistance with the rest of the animal's body, part of which it undoubtedly
is. The writer of this article had been inoculating animals with cultures of

staphylococcus pyogenes aureus with a view of testing the same question

;

and after a series of experiments the results left him with the impression,

that when an abscess has well formed (after six or seven days), it may
require more than double the dose of a tested virulent culture to provoke
an abscess elsewhere in the subcutaneous tissue of the same animal. This

increased dose often induced no obvious local changes. In a few cases the

same dose induced a serous effusion that disappeared without rupture.

Further, this capacity of resistance was quite temporary, and disappeared

in probably less than fourteen days, leaving the animals as susceptible as

ever.

Perhaps the protecting value of an abscess wall has been over-estimated.

With some justification an observer may be pardoned for looking upon it as

a membrane through which highly toxic products can leak into the system.

And instead of protecting the host, it may really hinder the evacuation of

these products by closely encircling them. The fact that boils constantly

occur in uninterrupted sequence seems at first sight to negative the

argument of immunity or protection, but even here either immunity or

protection—it may be but of a transitory nature—is probable, since the

process eventually ceases. Our present knowledge of the relation between
the causes of suppuration and immunity is so scanty that a discussion of

the subject is of little value, but there are facts which point to intimate

relations between them. Fehleisen showed, in experimenting on the value of

streptococcus infection in the treatment of cancer, that his patients were
rendered immune to that micro-organism for from three to five weeks. It

is also found that abrin applied to the conjunctiva confers local immunity
against abrin, but not general immunity. Whatever may be the value of

these and other experiments, clinical observations lead one to the inevitable

conclusion that the healing of an acute circumscribed abscess will remain
inexplicable until the vexed questions of immunity and acquired immunity
rank among those problems that are solved.

Acute Diffuse Abscess

An acute diffuse abscess is the result of an inoculation which rapidly

provokes an accumulation of pus within a cavity resulting from the process,

the excitant of which is infiltrating.
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The etiology and pathological anatomy vary in degree only from those
of acute circumscribed abscess, the variation being an increased intensity of
the process, which may be due to

—

(1) A comparative increase of the capacity for action on the part of the
micro-organism.

(2) A comparative decrease of the capacity for resistance on the part of
the host.

(3) A combination of these phenomena.
The result is a burrowing, ramified cavity containing pus.

The spread of the micro-organism occurs chiefly in the soft, connective
tissues, and is at first limited by the mechanical resistance offered by the
dense connective tissues—fasciae and bone ; but the natural cessation of the
process of diffusion in soft connective tissues depends upon the more pro-
found changes that take place in the relation between micro-organism and
host—changes to which reference has been made in the article on " Acute
Circumscribed Abscess." Death of the host may occur before the final

arrest of the process of diffusion. Multiple acute diffuse abscess may be (a)

Primary, the result of immediate generalisation of the initial dose
;

(b)

Secondary, the result of infective emboli (pyaemia). However caused
these abscesses vary in size from isolated collections of a few leucocytes to

cavities containing pints of pus.

Clinical Signs and Symptoms.—Local.—In the case of a superficial

diffuse abscess the skin covering it is painful, red, hot, and oedematous, and
the part is swollen. The margin is diffuse. Evidence of suppuration and
the approach of pus to the surface is indicated by the detection either of a
soft spot in the otherwise brawny tissue or of definite fluctuation. A rapid

and extensive accumulation of pus produces gangrene of the skin by
destroying its blood-supply. The presence of a deeply situated, diffuse

abscess is marked by pain, increase in size of the part, and oedema of the

superjacent skin. Crepitation, caused by the presence of gas, is a sign only

rarely met with in abscess, but it is commoner in the diffuse than in the

circumscribed form. It is due to one of two causes : the gas may have been

generated by decomposition of the abscess contents, or it may have gained

entrance to the abscess cavity by means of a communication between it and
the respiratory or digestive tract.

The constitutional signs are the same as those of acute, circumscribed

abscess : they vary in severity ; they may be hectic, pysemic, or septicemic
;

or, even in severe and fatal cases, marked disturbances of temperature may
be altogether wanting.

Treatment.—Local.—The general principles of treatment are similar

to those described in the article on "Acute Circumscribed Abscess." The
incisions must be free and extensive ; this is especially desirable in those

cases in which the skin is likely to become gangrenous ; if extensive gan-

grene occurs skin-grafting is necessary after the separation of the dead

tissues. Dependent incisions and drainage—with the largest tubes—are

essential where putrefaction exists. In spite of these measures diffusion

may extend and necessitate further incisions combined with local antiseptic

baths, or hot antiseptic poultices frequently changed. In desperate cases,

such as rapidly spreading glanders, the application of pure carbolic acid, of

nitric acid, or the actual cautery, to the internal surface of the cavity is

indicated. Constitutional treatment calls for special attention, particularly

with regard to fresh air, change of air, nourishment, stimulants, etc.
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Subacute Abscess

The term subacute abscess is applied to a condition in which the

accumulation of pus occurs in about two to four weeks ; it may be induced

by a slowly acting micro-organism of acute suppuration or a rapidly acting

micro-organism of chronic suppuration, hence the pathology and treatment

are the same as of acute suppuration and chronic suppuration respectively.

Chronic Abscess

The term chronic abscess is applied to suppuration slowly provoked
within a cavity formed by the process, the excitant of which may be local-

ised or locally diffusing.

Etiology.—The almost constant excitant of this condition is bacillus

tuberculosis ; indeed, chronic abscess and tuberculous abscess have become
almost synonymous terms, and this too in spite of the fact that the tuber-

culous process is not a true suppuration ; the tuberculous process is rather a

caseation of newly formed chronic inflammatory tissue. True suppuration

may occur in a tuberculous abscess if the infection become mixed by the

entrance of one of the micro-organisms of acute suppuration. It must, how-
ever, be stated that slowly forming abscesses can be induced by oospora

bovis (actinomycosis), bacillus typhi, and even bacillus mallei. Some
recent experiments by Kocher and others show that micrococci, usually

capable of provoking acute or subacute suppuration, may in certain circum-

stances cause semiquiescent conditions that can only be termed chronic

abscesses.

Pathology.— Dr. Whitfield and the writer have been studying the

cellular flora of chronic inflammatory lesions. It is out of place here to

enter thoroughly into our results, but it may be said that the emigrated

leucocytes appear to us to be lymphocytes chiefly, and there is present a

great number of plasma cells together with a great amount of organised and
degenerated conDective -tissue elements.

Diagnosis.—A slowly formed abscess when of tuberculous origin is

distinguished by the comparative thickness of its walls. The diagnosis

of the tuberculous origin of an abscess may be assisted by the reaction of

the individual to tuberculin ; of course this means is only to be resorted to

in isolated and obscure cases. Leucocytosis in tuberculosis is uncommon

;

on the contrary, eosinophile leucocytes are often either absent or diminished

in number. The presence of a hectic temperature and amyloid disease are

not signs of tuberculous infection, but they are - signs that the condition is

either non-tuberculous, or tuberculous with a mixed infection superadded.

Amyloid disease must be very rare in pure tuberculous infection, the

writer has never seen it. Confirmatory evidence is provided by a bacterio-

logical examination of the abscess wall, which is more likely to give definite

evidence than the pus. With regard to typhoid and actinomycotic

abscesses the reader is referred to the article on these diseases.

'Treatment.—The ideal treatment of a chronic tuberculous abscess is

complete excision without disturbing the contents. When the abscess is

connected with bone—as it often is—such a procedure cannot be carried out

unless it be practicable to remove the bone as well—as in the case of a rib. If

the abscess be small and superficial, and it is impossible to remove it in its

entirety, remove as much of the abscess wall as possible and drain the

remainder. If the abscess be large, as in the case of a psoas abscess, it

is safer to open it, wash it out with an aseptic solution, and sew up the
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incision. Eecollection will very likely occur, directly it is ascertained

with certainty the same procedure must be repeated before the pus has time
to accumulate to the same extent as at the preceding operation, but at each
successive operation the sac will be found smaller than before. The alter-

native treatment is to incise the abscess and drain it. The advantage of

the former over the latter method is that extra infection is guarded against,

whereas the presence of a drainage tube provides a pathway for fresh

infection.

Angina Ludovici

The term Angina Ludovici is loosely applied to varieties of diffuse

infective inflammation of the median and lateral aspects of the neck.

When bacteriologically examined it has generally been found to contain

streptococcus pyogenes, or one of the varieties of staphylococcus, or a

mixture of these, or pneumococcus ; other bacteria have also been discovered

resembling bacillus diphtherise and actinomycotic organisms. The source of

infection may be the mouth, nose, pharynx, scalp, tonsil, or ear. The dis-

ease apparently exists in the loose connective tissue, not in the lymphatic

glands. It generally begins about the chin or angle of the jaw (in the

region of the submaxillary gland), and spreads downwards with a very

diffuse margin. The neck becomes red or dusky, sometimes almost blue in

colour, tender, swollen, and hard. In slight cases there is only a feeling of

discomfort about the neck ; in severe cases there is much pain, dysphagia, and
dyspnoea. The disease is subacute rather than acute, the fever being

usually slight, but increasing with the intensity of the lesion. The case

may not suppurate, the condition lasting for weeks with slow resolution

;

in severe cases death may occur early without suppuration. If suppuration

take place it may be at only one small spot within the brawny mass, or

the whole lesion may be involved in a large, diffuse abscess. Treatment

calls for no special remark; unless suppuration occur, incisions do not

seem to shorten the course of the disease, though they may assist in

preventing its spread. This type of diffuse inflammation is not limited to

the neck, but wherever it occurs care should be taken to exclude as the

causal agent the bacillus oedematus maligni, a micro-organism which induces

non-suppurative inflammation of a virulent and rapidly fatal type.

Suprarenal Glands.

See also Adrenal Glands, vol. i.

The functions of the suprarenal glands having been already considered

in the article on the physiology of the adrenal glands (q.v.), the scope of

the present article is confined to the therapeutic employment of suprarenal

substance and its derivatives. It is only necessary to recall the fact

determined by Schafer and Oliver that injection of an extract of supra-

renal medulla causes a marked though transient rise of blood pressure

in consequence of contraction of the smooth muscle fibres of the arterial

walls by the direct action of the extract. It also stimulates the vagus and

the cardiac and uterine muscle fibres. Langley has shown that the follow-

ing are some of the further effects produced by suprarenal extract : secretion

of the salivary and lachrymal glands, and of various mucous membranes,

increase followed by decrease of the bile secretion, inhibition of the gall-

bladder, slow contraction of the pupil in the dog, and contraction and pallor
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of the uterus, vas deferens, and seminal vesicles. Further, it has been

shown that injection of a sufficiently large quantity of suprarenal extract

into rabbits and dogs causes the appearance of dextrose in the urine, the

glycosuria being probably not due to the presence of a diastatic ferment in

the extract (Croftan, Hector, and Richards, 1902). There is still some
dubiety as to whether the active principle of the suprarenal medulla has

been yet obtained. Of a number of substances claimed as the true active

principle, the most efficacious are " epinephrin," isolated by Abel and Craw-
ford, and " adrenalin," prepared by Takamine. Adrenalin is regarded by
Abel as an impure modification of epinephrin. The reader who desires

further information regarding the nature of the active principle may consult

an article by Abel in the Bulletin of the Johns Hopkins Hospital, xiii.

1902, p. 29.

The gland substance may be administered as powdered or liquid supra-

renal extract, as tablets, or in the form of adrenalin chloride solution. The
preparations may be employed locally, may be administered by the mouth,

as the active principle is not destroyed by peptic digestion, or may be

introduced directly into the circulation.

The chief conditions in which suprarenal substance has been employed
are as follows :

—

Hemorrhage.— The extract produces its beneficial effect by causing

contraction of the muscle fibres of the arterial walls ; the extract does

not cause coagulation of the blood in the same manner, for instance, as

do iron preparations or hepatic extracts. Suprarenal extract is of value

in controlling haemorrhage and in blanching mucous surfaces in many
surgical operations, and more especially in nasal (vide vol. viii. p. 374),

aural, and ophthalmic surgery, and in arresting uterine, rectal, prostatic,

and vesical haemorrhage. In these cases the extract can be applied locally

by means of gauze or cotton-wool tampons, or by means of a douche or

spray. In post-partum haemorrhage uterine contraction is most efficiently

obtained by direct intra-uterine injection of the extract, and Schafer points

out that the addition of sixty grains of calcium chloride to the douche

increases its value.

In some cases of haemophilia internal administration of the extract is

reported to have been beneficial, in others to have been valueless, whilst

some writers record cases of this disease in which haemorrhage was success-

fully arrested by local application of the extract.

In gastro -intestinal hmmorrhage administration of the extract by
the mouth may induce vomiting, and thus increase the haemorrhage ; but

in some cases the extract has undoubtedly been of value in checking

haemorrhage, especially when the bleeding is due to a gastric ulcer of

comparatively recent origin, situated near the cardiac orifice of the

stomach (Soltau Fenwick). The extract may also be useful in the

treatment of haemorrhage in typhoid fever.

Hay Fever.—Internal administration of the extract to patients suffering

from hay fever has been found to be of great value in checking the coryza

and the attacks of sneezing, but it is still better to apply the extract

directly to the nasal mucous membrane by means of a spray producer.

In the ocular disturbance of hay fever, in conjunctivitis and iritis, direct

application of the extract to the conjunctiva is of benefit, checking the

hyperaemia, and having at the same time no effect upon accommodation.
Suprarenal extract is advocated as a cardiac tonic and stimulant in the

treatment of heart disease (Bates, Floersheiin) and of pneumonia (Gray)

;

and as an intravenous injection it is recommended by Schafer in cases of
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sudden cardiac failure, the result of shock, haemorrhage, or overdose of
an anaesthetic.

The extract has been employed with benefit in some, though not in all,

cases of 'Addison s disease, in rickets (Stoeltzner), and chiefly as a local
application in acne rosacea (Munro) ; and, lastly, Peters records cases in
which it was serviceable in allaying the pain of cancer and of chronic
inflammation.

LITERATURE.—Bates. Med. Bee. Nov. 2, 1900.—Fen wick, Soltau. Brit. Med.
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Sweat Glands. See Skin, Disorders of Glands.

Swedish Exercises. See Therapeutics.

Sycosis.

A pustular affection of the hair follicles in the region of the beard.

The most frequent sites are on the chin and upper lip, but a similar inflam-

mation may involve the whiskers and eyebrows. The earlier stages of the
disease are characterised by the presence of raised shotty nodules of an
acne-like character in close relation to the hair follicles, and in the later

stages these appear as typical pustules with a hair passing through the
centre of each. Those nodules may become confluent, rendering the skin

much indurated. The degree of infiltration and thickening is proportionate

to the chronicity of the case. The disease is essentially chronic, and if not
successfully treated tends to complete destruction of the hair sac and scar

formation.

The cause of the disease is bacterial influence, probably the staphylo-

coccus pyogenus albus and other bacteria which exist as saphrophytes in

the skin. The diagnosis is as a rule easy.

Impetigo contagiosa is an allied affection, which however is characterised

by a more acute onset, more rapid development, and greater tendency to

discharge and crust formation. Further, this disease is more commonly
met with in early life, while sycosis is chiefly met with in adult life.

Tinea tonsurans may be mistaken for sycosis, but can readily be

differentiated by a microscopical examination of the hair, which will reveal

the presence of the ringworm fungus.

Impetiginous eczema.—It is doubtful if it is wise to differentiate too

closely between a sycosis and an eczema associated with reddening of the

skin, and pustule formation. These .conditions are probably identical in

origin, and nothing is gained by attempting to differentiate them.

Treatment.—The hair should be clipped short, and the part bathed

several times a day with an antiseptic lotion. Preference may be given to

weak Condy's fluid, a weak corrosive sublimate, or a spray of peroxide of

hydrogen. The case should then be treated by an antiseptic ointment, e.g.

ammoniate of mercury, or sulphur. The exact composition of the ointment

is of less importance than the manner in which it is applied. The in-

unction must be thorough, and treatment should be continued in a modified

degree for months after the bulk of the disease is apparently cured. Great

benefit may also be attained in not a few cases by strict attention to the
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general health, more especially the administration of a daily saline draught

and stimulation of the function of the skin by baths. It is well to

recommend the patient not to allow the beard to grow for at least six

months after the disease has been apparently cured.

Symblepharon. ^Conjunctiva.

Sympathetic Ophthalmitis.
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Time of Incubation . . . 523
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Sympathising Eye . . . 523

Definition.—What is termed Sympathetic Ophthalmitis is a serous or

plastic inflammation of the uveal tract, excited by inflammation of a similar

character in the fellow eye, the result of some perforating lesion.

The eye which has been perforated, and which is the first affected, is

termed the exciting eye, and the other, which is subsequently involved, the

sympathising eye.

There are cases in which inflammation of a serous or plastic type occurs

in the uveal tract of an eye as the result of some constitutional disease,

without any perforation of its tunics, and where later the second eye becomes

similarly affected. In such cases we are unable to say whether the in-

flammation in the second eye was excited by that in the first, or whether,

as seems more probable, both eyes became affected as the result of the same

morbid constitutional state.

Nature of the Affection in the Exciting Eye.—Eyes which have received

accidentally inflicted punctured wounds from some pointed instrument, or

in which fragments of metal have become lodged, are the ones which most
frequently excite sympathetic inflammation. Any eye, however, in which

there has been a perforation, no matter how it has been occasioned, and in

which a particular kind of inflammation has followed, is liable to excite a

similar inflammation in its fellow.

Sympathetic Ophthalmitis occasionally follows on operations such as

extraction of cataract or iridectomy for glaucoma. It has been known to

follow on perforating ulcers of the cornea, and on perforations of the globe

caused by intra-ocular malignant growths. Eyes with a sub-conjunctival

rupture of the sclerotic, and protrusion of a portion of the iris into the sub-

conjunctival tissue, will sometimes become the seat of a uveitis, and excite

sympathetic inflammation. It is improbable that an eye, the fibrous-tissue

tunic of which has not been penetrated, can give rise to this affection.

Injuries of certain parts of the eye are more liable to be followed by
sympathetic inflammation than those of others. The ciliary region is

frequently spoken of as "the dangerous area." Wounds which pass into

the vitreous chamber are much more likely to cause trouble than those

which simply open the aqueous chamber, or which penetrate the lens without

involving the vitreous humour.
A sub-conjunctival entanglement of a portion of the uveal tract in a

wound is a dangerous complication. When Sympathetic Ophthalmitis

follows on operative procedures, such entanglements are generally to be

found.
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As already stated, it is necessary that the perforation of the eyeball
should be followed by inflammation of the uveal tract before it can give
rise to sympathetic ophthalmitis. This inflammation may vary much in

intensity, but it is always of a serous or plastic type. An eye with
suppurative inflammation in it never excites inflammatory trouble in its

fellow.

The intensity of the inflammation in the sympathising eye does not
always correspond with the intensity of that in the excitor. The inflamma-
tion in the sympathising eye may be so severe as to cause its complete
disorganisation, whilst that in the exciting eye is so mild as to give rise to

but slight injection, and little, if any, permanent defect of sight.

Time of Incubation.—The length of time which elapses between the
receipt of an injury and the onset of inflammation in the sympathising eye
is usually from four to eight weeks. That is to say, it is most liable to occur

during the time at which the inflammation in the exciting eye is most
acute. As the intensity of this subsides, so the risk of its transmission

decreases.

Though in the large majority of cases sympathetic ophthalmitis mani-
fests itself at the time above mentioned, it may occur either sooner or later.

It has been met with as early as two weeks after the receipt of injury.

On the other hand, an interval of several years has elapsed, as many as

twenty in some cases.

When there has been a very long interval, careful inquiry will generally

elicit a history of some fresh injury, or fresh attack of inflammation or

irritability in the exciting eye, shortly before the onset of the sympathetic

disease.

Hatural History of Affection in the Sympathising Eye.—The onset of an

attack of sympathetic ophthalmitis is sometimes, but by no means neces-

sarily, preceded .by symptoms of sympathetic irritation (see p. 525). Very
often it begins without any premonitory warnings— mistiness of vision,

floating opacities in front of the eye, or a slight amount of redness and pain,

being the symptoms which first attract the patient's attention.

One of the earliest changes to be found in the eye is a number of fine

dotted opacities on the lower part of the posterior surface of the cornea,

which are usually arranged in a little triangualar area, with its apex

upwards. The dots at first are often very small and only to be detected on

magnification. They are generally of a greyish colour, but some of them

may be pigmented ; later they tend to increase in size so as to be easily

discernible with the naked eye.

The condition is commonly spoken of as " Keratitis Punctata," a name
which unfortunately gives a wrong impression as to its mode of origin, for

the dots are not the result of inflammation of the cornea, but are deposits

on its posterior surface of inflammatory cells from the aqueous humour,

thrown out by the ciliary body.

In association with dots on the back of the cornea, opacities can

generally be detected in the vitreous humour, also due to effusion from the

inflammed ciliary body. At first they are often only of a fine, dust-like

character, producing an ill-defined haze, but may later become more pro-

nounced. The amount of injection of the ciliaiy blood-vessels is at first

slight, but increases in intensity as the disease progresses.

In a case seen in an early stage there will be no difficulty in obtaining

a full and regular dilatation of the pupil with atropine, and in mild cases

of the disease which remain throughout of the serous type, it may be

possible to keep the pupil so dilated through the whole course of the attack.
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When, however, as is very commonly the case, the disease assumes a plastic

form, the pupil, in spite of the most energetic use of mydriatics, slowly con-

tracts ; adhesions of a firm and tenacious character form between the whole
length of the posterior surface of the iris and the lens capsule, a membrane of

organised inflammatory products at the same time developing in the pupil.

This tendency of the pupil to contract in spite of mydriatics, forms a very

characteristic symptom or iritis of sympathetic origin.

The iris becomes altered in colour. If blue, it assumes a dull greenish

hue ; if brown, a dull, dirty brown. Sometimes the blood-vessels of the iris

may become so enlarged as to be visible to the naked eye.

In the milder cases of sympathetic ophthalmitis, from first to last the

tension will remain normal. Increase of tension may occur in an early

stage before the formation of any synechias, due in part to the difficulty

which the aqueous, altered by the admixture with it of inflammatory pro-

ducts, has in escaping from the eye ; and in part to the excess of fluid thrown
into the eye by the inflamed ciliary body. More often, however, increase

of tension is not met with until the later stages of the disease, when
adhesions have formed between the iris and lens capsule, which obstruct

the passage forwards of fluid from the vitreous into the anterior chamber.

As a final stage of all, in some of the worst cases the secretion of intra-

ocular fluid becomes arrested from destruction of the secreting area of the

ciliary body ; the vitreous atrophies ; the retina is detached, and the globe

becomes soft and shrunken—the condition which is spoken of as " phthisis

bulbi " being established.

The anterior chamber in the early stages of the affection, when it is of

entirely a serous type, is usually deeper than normal. Later on, when
extensive posterior synechias have formed, and there is obstruction to the

passage of fluid forwards, it becomes shallowed and may be almost

obliterated. Sometimes in late stages of the disease, from the organisation

and contraction of inflammatory products adherent to the posterior surface

of the iris, the outer margin of that structure becomes drawn back

towards the circumlental space, and a deepened condition of the anterior

chamber .at its periphery is produced.

In sympathetic ophthalmitis, the structures at the anterior part of the

eye, the iris and ciliary body, are more frequently and more extensively

involved than those at the posterior part, the choroid and retina. On
account of clouding of the media, ophthalmoscopic examination of these

latter structures is usually only possible in the very earliest stages of the

affection.

In some cases optic neuritis or neuro-retinitis can be detected as soon

as, or even before, the dots on the back of the cornea or the opacities in the

vitreous humour; in others the optic disc appears to remain unchanged so

long as a clear view of it can be obtained.

Microscopical examination of eyes which have been excised on account

of pain in advanced stages of sympathetic disease not uncommonly show
discrete patches of round-celled exudation scattered throughout the choroid,

similar in character to those which are met with in the iris and ciliary

body, and similar also to those which are found in exciting eyes.

The amount of pain complained of in the early stages of the disease is

not usually very great. There is some tenderness over the ciliary region

and some dread of light, but not much aching pain. Later on, should the

iris become bound down to the lens capsule and the tension become increased

the pain is often excessive, of a very distressing character, and exceedingly

difficult to relieve ; not uncommonly, indeed, at such a stage, excision of
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the eye becomes necessary and is gladly assented to by the patient, so great

have been his sufferings.

Sympathetic ophthalmitis is a disease which runs a certain course and
then subsides, the eye quieting down, all symptoms of redness and in-

flammation disappearing. The duration of an attack varies considerably

;

if it remains throughout of the serous type it usually lasts from three to

four months. When, however, it has assumed the more severe plastic

type it may continue, with occasional exacerbations, for a year or eighteen

months.
Sympathetic Irritation.—It was at one time thought that sympathetic

irritation was necessarily the precursor of sympathetic ophthalmitis. It is

now known that though some cases of sympathetic ophthalmitis begin with

symptoms of sympathetic irritation, the latter may exist for many years,

and may pass off without any symptoms of inflammation supervening.

Sympathetic irritation may, moreover, be excited by affections of the eye

quite different from those causing sympathetic inflammation ; e.g. it may
be set up by a foreign body in the conjunctival sac.

The condition may be regarded as a neurosis, which is at once relieved

by the removal of the cause of irritation in the exciting eye, of the exciting

eye itself, or by division of the nerves connecting the two eyes.

The symptoms of it are photophobia ; lacrymation
;
pains about the eye

and over the brow, sometimes very severe and of a neuralgic character

;

slight blepharospasm; conjunctival injection; and temporary defects of

vision due to inability to maintain accommodation. Some patients describe

appearances like that of vapour rising before the eye.

The symptoms will sometimes subside and then recur again after an

interval of variable duration.

Prognosis.—It has been repeatedly asserted that children are more subject

to sympathetic ophthalmitis than adults, but statistics published with

reference to this point seem to show that it has no just foundation (Gunn).

It is doubtful also if the age of the patient has any influence on the

length of incubation of the sympathetic disease or on its severity.

Certainly both severe and mild attacks may be met with at all ages.

As a general rule, the prognosis in sympathetic ophthalmitis appears to

be more favourable when the disease comes on after a short interval than

when it appears after a long one.

In the early stages a very guarded prognosis should be given as to what

is likely to be the ultimate outcome of an attack ; as the mildness of the

symptoms at the outset are often markedly out of proportion to the grave

changes which subsequently ensue.

Quite 50 per cent of eyes affected end in complete disorganisation and

destruction of vision.

In some cases, where the disease remains throughout of the serous type,

perfect vision may be regained on the subsidence of the attack.

The failure to keep the pupil dilated with mydriatics must always be

regarded as of grave significance.
. .

Pathogenesis.—TYiq nature of the morbid influence in an injured eye

which is capable of exciting inflammation in its fellow, and the path along

which this morbid influence passes from the one eye to the other, m spite

of much discussion and many experiments, still remain undecided.

The disease was originally named sympathetic ophthalmitis because it was

thought that the second eye became inflamed in sympathy with the excitoi as the

result of some nerve irritation in the latter. This irritation Mackenzie described

as being most likely reflected along the chiasma and optic nerves.
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Subsequently, when it was realised how commonly a wound in the ciliary

region was the lesion in the exciting eye, and how frequently the ciliary body and
iris were the parts affected in the sympathising eye, it was thought more probable
that an irritating impulse travelled up the ciliary nerves of the exciting eye to
the nerve centres, and was there reflected along the ciliary nerves of the opposite
side to the fellow eye. The passage of a morbid influence along the ciliary nerves,
such as this theory supposes, is not inconsistent with the absence of any structural
changes in them. Experimental irritation of the ciliary nerves in an animal's
eye fails, however, to produce anything more than vascular congestion in the
fellow eye, never inflammation.

The probable parasitic origin of sympathetic ophthalmitis was originally
advanced by Leber. It has been suggested that micro-organisms may travel
from one eye to the other, either along continuity of tissue in the lymphatics of

the sheaths of the optic nerve and chiasma, or that they enter the general circula-

tion, and the inflammation in the second eye is metastatic in character. In the
latter case we should expect to meet with inflammatory changes in various
situations, not only in the fellow eye, or else have to regard the uveal tract

as possessing some peculiarity of structure, rendering it specially susceptible

to attack.

Inflammatory changes are not met with in other parts of the body in con-
nection with sympathetic ophthalmitis, and we have no grounds for assuming any
special susceptibility of the uveal tissue. An attempt has recently been made to

find this special susceptibility in the congestion caused by sympathetic irritation,

but, as has been already pointed out, many cases of sympathetic inflammation
begin without any signs of irritation.

Micro-organisms are undoubtedly sometimes found in eyes which have excited
sympathetic inflammation, but so far no one definite micro-organism has been
universally found. In some exciting eyes which have been removed and carefully

examined, no micro-organisms could be detected. The inflammation in exciting
eyes differs in its spreading character from that set up, by mere inorganic
chemical irritants, as, for example, pieces of copper or iron, or by the infliction of

wounds with aseptic instruments.
So far, no micro-organisms have been discovered in the sympathising eye.

Much experimental work has been done on animals to try and prove the
parasitic origin of the disease. Injection of micro-organisms into one eye have
been made with the idea of trying to induce sympathetic ophthalmitis in the
other. Deutschmann has recorded some successful results which, if confirmed by
others, would be of the greatest importance. Unfortunately, though a number of

observers have repeated his experiments, none of them, like him, succeeded in

setting up inflammation in the fellow eye.
The fact that a perforation of the tunics and the presence of a particular type

of inflammation is essential in the exciting eye for starting the disease, also that
a certain period of incubation is requisite before the appearance of inflammation
in the sympathiser, seem strongly to point to the implantation of some phlogenetic
substance in the one eye and its gradual transference in the other.

Treatment.—The most certain prophylactic treatment for sympathetic

opthalmitis is the excision of eyes with perforating lesions likely to excite

it, within ten days of the receipt of the injury. The decision as to which
eyes with perforating lesions it is safe to retain, and which it is necessary

to remove, is in many cases easily arrived at, in others it becomes a matter

of the greatest difficulty. Those lesions which are most likely to give rise

to sympathetic inflammation have already been referred to.

The tendency of recent years has undoubtedly been to save many
wounded eyes which would formerly have been condemned, and, coincidently

with this more conservative practice, the number of cases of sympathetic

inflammation which have been met with, have not increased but

diminished.

The decrease in the amount of sympathetic ophthalmitis, which during
the last fifteen years at the Eoyal London Ophthalmic Hospital has been
very marked, may be due in part to the more extensive use of antiseptics,

both at operations and in cases with recent accidental wounds. It is

probably also largely attributable to the greater care which is taken to
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avoid leaving any entanglements of the iris in operation wounds, and in

clearing accidentally inflicted wounds as much as possible of any incarcerated
portions of the uveal tract.

The ultimate prospect of the retention of useful sight in the injured

eye is a most important matter to take into consideration in deciding for

or against its removal. It may be worth while for a patient to run a

certain amount of risk to retain an eye with useful sight, whereas it is

unwise for him to run any risk of damage to the fellow eye by retaining a

sightless organ.

The amount of useful sight which will result depends largely on
whether or not the lens has been implicated : this point, therefore,

necessarily exercises considerable influence in deciding for or against

excision.

There is no risk of sympathetic ophthalmitis coming on during the first

ten days after the receipt of injury, so that unless the eye has become
hopelessly disorganised, it is generally well to free any portion of the uveal

tract which may have become entangled in the wound, and wait a few days

to see how much inflammatory reaction is likely to follow before recom-

mending excision.

It is next important to consider what measures, if any, less radical than

excision may be adopted as a prophylactic against smpathetic disease.

It was thought that if all the structures entering or emerging from the

injured eyeball at its posterior part were divided, or partially removed, the

transmission of any infective substance from it to the other eye would be

prevented. Hence the operations of optico-ciliary neurotomy and optico-

ciliary neurectomy were devised. But what appear to be undoubted cases

of sympathetic inflammation have been recorded arising months and years

after the performance of these operations. Possibly a reunion of the tracks

of communication occurs.

On the' assumption that sympathetic inflammation is due to infecting

particles travelling from a septic uveitis in the exciting eye, it was argued,

that removal of the whole contents of the sclerotic, i.e. the operation of

evisceration, before the infecting particles of the uveitis begin to travel,

ought to prevent sympathetic ophthalmitis.

Several cases of sympathetic inflammation coming on after evisceration

(Mules' operation) have been recorded, but so far it seems fair to assume

that in all of them it had been performed too late, i.e. after infecting

particles had passed from beyond the uveal tract.

Excision of the eye does not afford certain immunity if performed later

than three or four weeks after an injury, but it probably affords a better

chance of immunity at that time, than evisceration, because in it the

track along which the infective particles presumably travel is removed

farther back.

Sympathetic inflammation having once started, should the exciting eye

be excised or left? Certainly its removal sometimes seems to have no

effect in mitigating the severity of the attack. On the other hand, in the

rare cases where sympathetic inflammation has come on after excision,

it has generally been noted that the disease has been of a very mild

type.

If the exciting eye is blind or nearly blind it is usually well to give

the patient whatever chance its removal may afford. If, however, it is

likely that it will retain any useful sight, it may be that in the end it will

be the better eye of the two, and it is wiser to retain it.

The treatment of sympathetic ophthalmitis when once it has started is
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much that of any other form of irido-cyclitis, heat and mydriatics being

the necessary local applications.

Heat may be applied either in the form of periodic fomentations with

hot lotion, or as dry heat kept up continuously by means of the Japanese

hot box.

As already stated the pupil often shows a tendency to contract in spite of

mydriatics, in such cases they have to be used in their strongest forms. A two
per cent ointment of atropine is the strongest that it is wise to employ, and
the effect of it must be cautiously watched to see that no toxic symptoms
are produced. Hyoscine is more powerful than atropine in its effect on

the pupil, and may be tried should the latter show signs of failure.

No known internal medicinal treatment can be relied upon to produce

any salutary effect on the disease. Some have thought they have seen

improvement follow on the administration of mercury.

If, as the result of sympathetic inflammation, the pupil becomes closed

with an inflammatory membrane, and the iris bound down to the lens

capsule, operative measures become necessary. Whenever possible it is

best to postpone any operative interference in such cases until all signs of

active inflammation have quite subsided, which means, generally, until a

full two years after the commencement of the attack.

Two or more separate operations are almost sure to be required before a

permanent opening will be obtained through which the patient will be

able to see.

In many of these cases the damage caused by the inflammatory attack

is so limited to the structures at the anterior part of the eye, that if a

clear opening through which light can pass is formed, a very satisfactory

amount of vision is restored. The removal of the lens is necessary ; this

may be effected either by needling or extraction.

The formation of an opening in a tough, inflammatory, pupillary

membrane, through which the lens matter may protrude, is a matter of

some difficulty. It is best accomplished by Crichett's method of introducing,

from opposite sides, two needles, and boring with them as with a gimlet

;

when tney have been made to penetrate they should be separated so as to

increase the size of the opening. The procedure has to be repeated from

time to time until the whole lens is absorbed and a permanent clear

opening obtained.

If extraction be decided on, it will usually be found that the iris is so

adherent to the lens capsule that a satisfactory iridectomy cannot be

performed. It is then best to make an incision across the upper part of

the iris and lens capsule through which the nucleus of the lens can be

removed. On some subsequent occasion an iridotomy will be required,

or a puncture may be made with the point of a keratome through the iris

and lens capsule, into which a hook can be inserted, so as to draw a portion

of these structures out of the eye, where they can be cut off.
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Syncope.

Local Syncope, vide Kaynaud's Disease.

Syncope, or fainting, is a symptom seen in many different diseases, and may
be induced by conditions differing widely one from another. No matter,
however, what be the indirect or predisposing causal factor, the direct cause
is essentially cerebral anaemia. The usual signs and symptoms of syncope
are pallor of the face, cold sweat on the brow, clamminess of the hands, a
sensation of sinking, nausea, and often of giddiness, blurring of vision, or a
sensation of darkness, loss of consciousness, and, if the patient be in the
erect posture, a somewhat gradual and passive sinking of the body towards
the horizontal position rather than an actual sudden fall. The patient
then remains unconscious for a variable period of time, during which the
cardiac activity is so feeble that the radial pulse and cardiac impulse are

imperceptible, although the heart's action is probably, almost certainly,

not altogether in abeyance. During this period the respiratory movements
are feeble and shallow. The attack passes off gradually, and consciousness
is, as a rule, regained with one or more sighing respirations.

Syncope is of more frequent occurrence in the female than in the male
sex. Many women are, it is almost unnecessary to state, subject to

frequent fainting attacks. In these instances of ordinary fainting, the

event is, as a rule, brought on by some emotional disturbance, fright,

horror, grief, pain, sudden joy, and so forth, or by the individual being in

an overheated or overcrowded apartment or building. In cases of this

nature, there is a primary dilatation of the cutaneous and intra-abdominal

blood-vessels with consequent fall of blood pressure, cardiac weakness, and
cerebral anaemia. Syncope is further a not infrequent symptom of cardiac

disease, being more common in association with aortic than with mitral

lesions, and the patients who are liable to syncopal attacks usually com-
plain of headache, and of giddiness and faintness, when they rise suddenly

from the recumbent posture. In cases of myocardial disease, whether
associated with valvular lesions or not, in cases of aortic aneurism, of

cardiac strain, and of gouty heart, a tendency to syncope and actual

fainting are not uncommon. In cases of bradycardia there may be

syncopal attacks. The cases of this nature have, as a rule, been in persons

of advanced years affected with marked arterio-sclerosis, whilst in some of

these cases the syncopal attacks have been replaced by attacks of vertigo

or by epileptiform seizures. Syncope is also liable to occur in cases of

anaemia, as in chlorosis and in the anaemia resulting from haemorrhage,

further in persons suffering from organic brain affections and chronic

renal disease, and may be one of the immediate effects of pneumothorax
or of the rapid withdrawal of a large pleural effusion. Fatal syncope is

seen in diphtheria, most commonly during the convalescence of the patient,

and in croupous pneumonia, being in both these latter instances usually

brought on by some muscular effort, as, for example, when the patient

attempts to sit up in bed.

In the diagnosis of syncope, one must be careful not to mistake an

epileptic seizure for a fainting attack. Error can hardly arise in the case

of a typical attack of grand mal. In the milder and atypical forms of

epilepsy there is more difficulty, especially when one is dealing with girls

and women. The biting of the tongue, the occurrence, of the attack during

sleep, the involuntary passage of urine, and the full bounding pulse during

vol. xi 34
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seizure, are some of the points which serve to distinguish epilepsy from
syncope.

Syncope very rarely leads to a fatal issue unless the individual be

suffering from some serious disease such as fatty heart, aortic incompetence,

renal disease, or pneumonia.
Treatment.—The main object of treatment being to promote the passage

of blood to the brain, the patient's body should be at once brought into the

horizontal position and the head kept low, lower if possible than the rest

of the body, whilst the feet and legs may at the same time be elevated.

The loosening of any tight clothing about the chest is also indicated. To
induce contraction of the cutaneous blood-vessels friction should be applied

to the limbs, and the patient should obtain plenty fresh cool air, the

heart's action being stimulated by the inhalation of ammonia and by
throwing cold water upon the face. If these measures fail to restore

consciousness, sinapisms should be applied to the precordia, the extremities

bandaged, and some cardiac stimulant injected hypodermically. It is

seldom necessary to resort to transfusion or to artificial respiration. After

the patient has regained consciousness, it is advisable that the recumbent
position be maintained for some time, and a little stimulant may be given

by the mouth, unless there be reason to suspect haemorrhage.
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